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The boll weevil, Anthonomus grandis Boheman, is 


a major pest of cotton. The pheromone complex emitted by 
the male boll weevil has been used as a general, nontoxic 
method of surveying and controlling the insect population. 


The stereoselective synthesis of one component of the 
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pheromone complex, grandisol (l)f, was een achieved in 
seven steps from eucarvone, (8), as outlined above. 
Penadtation of eucarvone gave a bicyclic ketone 9 which 
was readily converted to ketone 10 by hydrogenation. 
Treatment of ketone 10 with amyl nitrite and potassium 
t-amylate afforded the oximinoketone- 28. Transformation 
to oxime 34 by mild Huang=Minlon reduction, followed by 
Beckmann rearrangement of the oxime with phosphorus penta- 
Cyloride gave Seconitrile 35.) Hydrolysis, to secoacid: 39: 
ehenerecdcuction,of 39 abtorded grandisol, J). 

In studies towards the synthesis of actinobol- 
amine. (2)), Diels-Alder reactions: of 2-methoxy furan with 
several dienophiles were carried out. An adduct with an 
endo) substituent ion the sidevopposite sto the bridgenead 
methoxyl could possibly be transformed to the tricyclic 


compound 4, which is a potential precursor to actinobol- 


amine. Such an adduct has been prepared. 
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I Mass spectrum, infrared spectrum and 
nuclear magnetic resonance spectrum 


of synthetic: grandisol (1) 47 


cs Mass spectrum, infrared spectrum and 
nuclear magnetic resonance spectrum 
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Pollution of our environment and ecological imbal- 
ance caused by insecticides has stimulated interest in the 
use of insect sex attractants (pheromones) as a general, 
nontoxic method of surveying and controlling insect popu- 
feations.-* ~ 

The boll weevil, Anthonomus grandis Boheman, is a 
major pest of cotton. The pheromone complex* emitted by 
live male boll weevils causes a response in female boll 
weevils in’ the field? as well as in laboratory assays." 

In addition, the pheromone complex evokes an aggregating 
response of both sexes in the fielder 

The components of this complex have been isolated 


oo They are 


and identified by Tumlinson and co-workers. 
the four terpenoid compounds grandisol, 1, (2)-3,3-dimethyl- 
at 8_cyclohexaneethanol, oa (2) -3, 3-dimethyl-A+!%-cyclo- 

egret 


hexaneacetaldehyde, 3, and'(E)—-3,3-dimethyl-A -cyclohexane- 


acetaldehyde, 4. 
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The practical value in using the sex attractant-as a means 


of control compared to other methods has led several 
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2. 


research groups to seek an economical synthesis of its com- 
POnenes 3 

Compounds 2, 3, and 4 have been synthesized by 
two different routes. Tumlinson and co-workers°#1 (see 
Chart 1) used a Reformatsky reaction of ethyl bromoacetate 
with 3,3-dimethylcyclohexanone followed by saponification 
to yield 2-(l-hydroxy-3,3-dimethylcyclohexyl) acetic acid. 


The hydroxy acid was dehydrated with acetic anhydride and 
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the unsaturated acids esterified with methanol to give a 
mixture of four unsaturated esters. The unsaturated esters 
were Separated and reduced to the respective (Z)- and (E)- 
unsaturated alcohols with lithium aluminum hydride. Sel- 
ective oxidation’ with active manganese dioxide gave the 
(Z)- and (E)- aldehydes, respectively. The disadvantage of 
this synthesis is the tedious separation of the ester mix- 
ture either by preparative gle or careful distillation 
through a spinning band column. 

More recently Babler and Mortena:, (see Chart 2) 
prepared 3, 3-dimethycyclohexanone by Birch reduction of 
m-methylanisole, followed by hydrolysis and conjugate addi- 
tion,.of) lithium dimethylcopper...A,modified: Wittig, reac- 
tion between the dimethylcyclohexanone and diethyl cyano- 
methylphosphonate gave a high yield of an inseparable mix- 
ture of a,f-unsaturated nitriles. The unsaturated nitriles 
were reduced to the corresponding aldehydes, 3 and 4, by 
use. of one. equivalent, of, diisobutylaluminum, hydride. This 
facile route leads to 60% overall yields of unsaturated 
aldehydes (3; and.4. «ihe attractiveness of the pheromone 


1,8 _oyclohexane- 


complex is reduced when (E)-3,3-dimethyl-A 
ethanol, isepresentassiny this synthetlcgsequencestheamrx= 
ture of (Z)- and (E)- aldehydes: must be separated prior 


to ~reductionsawith sediumborehydride:-ofsthe (24)-aldehyde 
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CH3 OHG 
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A; Na/NH3/EtOHs, JEtO2P:CHICN 
2.H30t -2(CH3)2CHC HAH 
H3\3. Pi(CH3)9Cu 3. NH4CI, H20 5 
HOH + HO 
"e NaBH4 “A 
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Grandisol, 1, has been synthesized nonselectively 


and stereoselectively?’®. In a nonselective synthesis (see 


Chari 3)s, vhumiiison: tang co-workers?2!> prepared grandisol 


5a,dD 


and its trans isomer by photocycloaddition of isoprene and 
methyl vinyl ketone to obtain an epimeric mixture of 2- 
methyl-2-vinylcyclobutyl methyl ketones as well as several 
other products. Grignard addition of methylmagnesium iodide 
gave a mixture of alcohols which were separated by prepara- 
tive glc. Hydroboration of the separated alcohol afforded 
a diol, which was acetylated and the ester pyrolyzed with 
refluxing acetic anhydride. Reduction with lithium aluminum 
hydrrdé “abtorded’qrandicol,“itvs The How yileldyand dl fricult 
isolation procedure in the photocyclization step of this 


route demanded a more selective synthesis. 


9 eA VISES. - ehwidaeee t 
ne a piss o 
Py Neh oa a Oe rs 1 I i Al Rh iN) Bs babi a : i 
it hay Wes phe Oysine y ihome, gee 
, t i Ph ee Lec ee a 
iat i ea 
'¢ i 


Gis = ait? es Loaliecie fete: aie 


a moj) Sees sw es er Mug ty 5 Se 
= seal a snttoy tie Sih > ab Th ~~ 


Chax tes 


hy 


Foe. OTR rend 


cetophenone 


Because of the two asymmetric centers on the four- 
memoered ring structure of grandisol, a stereoselective 


8a,b (see 


synthesis is challenging. Siddall and co-workers 
Chart 4) used a photochemical cycloaddition of 3-methyl- 
cyclohex-2-enone with ethylene to form 6-methylbicyclo- 
[4.2.0] octan-2-one in which the stable form is cis rather 
than trans. This compound was brominated with phenyl- 
trimethylammonium tribromide, then dehydrobrominated with 
lithium carbonate. Treatment of the resulting conjugated 
ketone with methyl lithium, followed by careful ring open- 
ing Ofethne ciscolerinac’ alcohol by ostium tetroxide cata= 
lyzed sodium periodate oxidation gave a single cis: keto- 


acid. Alkenylation with methylene triphenylphosphorane, 


then reduction yielded grandisol as a racemate. 
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Chart 4 
CH, 
| hy > 1. PhNMe3Br, > 
2.LigCO3 
CH2 i H I H 4 
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eee (see Chart 5) very 


Gueldner and co-workers 
recently published details of a synthesis which utilizes 
a sensitized photocycloaddition of ethylene to dehydrated 
mevalonic acid lactone to form 6-methy1-3-oxabicyclo[4.2.0]- 
octan-2-one as the major product. Treatment of the bicyc- 
lic compound with methyl lithium followed by dehydration 
with acetic anhydride and reduction gave a mixture of iso- 
meric compounds, one of which was racemic grandisol. 


These isomeric olefinic alcohols could be separated by 


careful distillation on a spinning band column. 
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This thesis describes a method of preparing gran- 
Gisol,,) aieseven Steps fromeucarvone. The) lacter con- 
pound is easily prepared in good yield from the commerciaily 
available carvone?? 41), Addition of hydrobromic acid to 
cCarvone affords, carvone hyGrobromide, 6. Subsequent treat- 


ment with base causes rearrangement of the hydrobromide to 


Gucarvons, gp, .rougn ‘the intermedrvate carenone, 7% 
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During our initial survey of possible synthetic 
routes to grandisol we noticed that a photolysis product 
of eucarvone, 1,4,4-trimethylbicyclo[3.2.0]hept-6-en-2- 
one, 9, has a carbon skeleton similar to that of grandisol, 
De the“ phetelysisrproduct hasenotponlys thei correct .arrange= 
ment of carbon atoms but the stereochemistry of the C-l 
Merhnyd) and pihnes€-Sthydregen,basethe) desired. ciseredation- 
ship. Hydrogenation of this compound gives 1,4,4-trimethyl- 
bicyclo[3.2.0]heptan-2-one, 10, which is an attractive 


synthetic intermediate. 


9 10 


Tne bicyclic ketone 10 could in theoxy: be modi-= 
fied to grandisol by either of the following pathways: 
(1) ketone tvansposition from +C-2> to G=3, followed by 
Cleavage of the C-3, C-4 bond; (ii) transformation of the 
C-2 carbonyl to a leaving group, followed by a "Grob-type” 
fragmentation. Thus we undertook the synthesis of the key 
intermediate from the readily available 2,4-cycloneptadi- 


| 10a,b 
enone, eucarvone, 8 A 
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Several studies on the photoisomerization of eucar- 
vone have appeared. Buchi and Burgess** irradiated an 
alcohol solution of eucarvone for 22 days and isolated 
Peomers 9 and Varin 396% yields) Thig was the first lexampile 


of a photolytic 1,3-acyl migration of 8,y-unsaturated 


2) 
ee obtained equal 


ketones. Later, Hurst and Whitham 
amounts of 9 and another, product, ll, by irradiating eucar= 


vone in 40% aqueous acetic acid. 
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8 40% HOAc ? 
4 weeks 1 


Shuster, Nash and Kantor’* detected a fourth product, 


dehydrocamphor, 12. They used several different solvents 


for photoisomerization of eucarvone. In each case com- 
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10. 


pounds 9, 9a, 11, and 12 were formed; the relative ratios 


were solvent dependent and compound 9 always predominated. 


12 


Shuster and Sussman?“ showed by competitive photolysis of 


eucarvone that the rate of disappearance of eucarvone 
increases in polar relative to non-polar solvents but that 
the material balance in terms of the four photoproducts 
was lower in polar media. They also showed that conver- 
Sionsofleucamvonento compoundp9ucould be effected *with 
high energy triplet sensitizers, but the efficiency of the 
reaction was not different from that on direct photolysis. 
Hart and Dakinoge t have studied the irradiation of eucar- 
vone adsorbed on silica gel--cyclohexane (SGC) or in tri- 
flucroetiancl solutiommGTre). In eitheymtof jthese strongly 
polar media the photoisomerization is greatly accelerated, 
Two new products, compound 13 and 14, were isolated. The 
authors propose that two non-interchangeable reaction 


pathways arising predominately from singlet states account 


for the products observed. 
— m 
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We have irradiated eucarvone in several solvent 
systems: methanol, trifluoroethanol (TFE) , SGC, ethylene 
glycol, and ethylene glycol-TFE. In TFE or SGC product 
isolation was difficult as the crude photolysis mixture 
tended to polymerize. In methanol, ethylene glycol and 
ethylene glycol-TFE (100:1), compound 9 could be isolated 
gn 20-25%, 30-372, and, 50-52% yields, respectively. -The 
photolysis of eucarvone in ethylene glycol-TFE proceeded 
cleanly and gave reasonable yields of bicyclic ketone 9 by 
fractional distillation. This has become our preferred 
route to compound 9. 

Hydrogenation of compound 9 over 20% palladium-- 
charcoal in-methanol gave ‘compound: 10\in 95% yield. The 
spectral data obtained from the synthetic material are 


identical with the reported values’. 


fe) | 
Fa = Ss 
MeOH 
9 95% 10 
Having prepared the desired bicyclic ketone in 
satisfactory yield, the problem became that of transposing 
the ketone function from C-2 to C-3. Methods used previ- 
ously for this purpose in steroidal and terpenoid systems 
have been summarized’° and several compendia of ketone 


Lis Unfortunately, 


transposition methods are available 
some of the better metnods are applicable only in certain 


situations, for example, methods involving formation of a 
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diosphenol could not be adapted to our synthetic sequence. 

Thus of the numerous routes available, the following meth- 

ods were considered for transposition of the ketone. 
Hassner, Larkin and Dowat® have shifted the posi- 


tion of the ketone carbonyl via reduction of 2-nitroketones. 


° ° 
RONO? NO 2) Nabil, NOs. 20 
KOtBu > ive 80% ae 
90% 16 


The scope of this method is limited since sterically hin- 
dered systems such as 2,2-dimethyl-5-nitrocyclopentanone 
give very low yields (10%) of nitro olefin. 

Another route, studied by Klimstra and co-workers?? 
and Clarke and Daum??, involved addition of hypobromous 
acid to an olefin, followed by selective removal of bro- 
mine. On the other hand, Nagata and Terasawa’ formed an 
epoxide which was rearranged to a ketone on aqueous acidic 
workup. While the cases cited give only desired ketone, 
in general moditicaiton Of an Olefin” to a ketone need noc 


be selective and mixtures of positional isomers may be 
obtained. 
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ON 
H3C HCO H,CO 


H3CO“S 
Shifting the keto function to an adjacent methyl- 
ene via an a-bromoketone has been accomplished by Djerassi 


a2 


and Gurst and by Clarke*?, This method may also give 


mixtures of positional isomers. 


oe ip nPrSH/CHCI3 


Gee 2: a 


Or 
1. LiAKOtBu 
.KOH 
z 49% 
O 
LAH 
O 2.0x F oxll g 41% 


Formation of an a-acetoxyketone followed by isom- 


: : 24 
erization in basic media has been used by Ayer and Law  , 


Levisalles and co-workers->, and Elks and co-workers 7°41 
to move the ketone to adjacent carbon. The success of the 
method depends upon the thermodynamic stability of the iso- 
meric acetoxyketones. Marshall and Roebke* / have altered 


the scheme for use with acid-sensitive, oxidative-sensitive 


molecules. 
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AcO 
Pb (OAc) > Alg2O 
BF3 Oo eae 
O Q Ca 
NH 
AcO : | 
LAR 
1 Heoet s, S 2. Ac2O x be 
_ ~HgCl,H2O0 
Oo nee nen eo : 3. HgCl,H2 
STs 


A more discriminative method has been developed 
N6",.2'3 P58) 
by Meakins and co-workers anc het. Zone j\iniwha ch 
the position of the ketone is changed through a benzylidene 


ketone. The reduction step in this procedure may give 


mixtures. 


PhCHO _s, 2CHPh 


1. NaBH4 
2. Ac2O/pyr 
3.03 


OAc 
CHPh 


O3 7 Zn 
Rae ‘ang yay ee 


Another method of ketone transposition involves 
an intermediate oximinoketone, Stodola>” and co-workers 
and Varech and Jacques ?+ transformed the oximinoketone by 


a modified Clemmensen reduction to an a-ketol, which was 


then converted to the ketone. The possible equilibration 
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to a mixture of o-ketols was overcome by Just and Lin™“, 


and Elad and Ginsburg>?, Mild Huang-Minlon reduction of 
the oximinoketone gave the oxime which was converted to 
the ketonewby.hydrolysis._.In.another variation ;Corey and 
Richman>* altered the oximinoketone to an acetoximino 


acetate which on treatment with chromous acetate gave the 


desired ketone. 


OAc 
NOAc 


1. TsCl pyr Mees 

2. NaBH4 

3, NaOH Cr(OAc)y 
zO 


Of the methods considered for transposition of 
the ketone, we felt the most promising involved the benzyl- 
idene ketone, the acetoxyketone, and the oximinoketone. 
Thus we tried these methods to transpose the ketone of 
L,4,4-trimethyilbicycto([S.2.0}heptans2-onesfiromi C-24t0%E=3. 
Heating the bicyclic ketone 10 with benzaldehyde 


and potassium hydroxide for 48 hours gave in 75% yield the 
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benzylidene ketone 15 as a mixture of isomers (nmr). The 
ir spectrum shows absorption bands characteristic of an 
a,B-unsaturated ketone at 1710 and 1610 oma while the uv 
spectrum shows an absorption maximum at 290 nm (e = 21,900) 


consistent with a benzylidene ketone. 


PhCHO . See. 
KOH, MeOH 75% 
A .48hr 


10 


15 : 
mixture of isomers 


An attempt was made to separate the isomers. Chromatography 
over alumina gave first an oil which was a 3:1 mixture of 
cis;trans benzylidene’ ketone (nnir), followed by a crystal 
line compound, mp.57759°, which was, the.cis benzylidene 
ketone 10a. Assignment of the stereochemistry was based on 
comparisons of the chemical shifts of the olefinic protons 
of our compounds with that reported for 2-chloromethyli- 


: 35 
dene-l-indanone ‘: 


Reduction of the mixture of the benzylidene ke- 
: eh Bh : . : wae 2G 
tone with lithium aluminum hydride--aluminum chloride 


under a variety of conditions gave rise to several products 
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The major component was the benzyl ketone LG ys (iris 1730 

(C=0) Smee) je: umes NO Olefinic spxrotons) sresulting from. 1 ,4— 

addition of hydride to the a,8-unsaturated ketone. Usually 

a,8-unsaturated ketones are reduced to olefins by lithium 
Sora 


aluminum hydride--aluminum chloride , but in some cases 


saturated ketones have been Ons ae 


LAH CH Ph 
AICl3 
= aad lado 
NH2NH2 eCHPh 47, il 
KOH 


Reduction Of penzy lidenc ketone 15 by tie Nagata= 
Itazaki?® modification of the Wolff-Kishner reaction gave 
a Oot vield "Os Bes Senos benzylidene compound 17 as an 
oil. «this ucompoundygives the correct, analysis for C1 7H>> 
and its nmr spectrum shows three methyl groups at T 8.95 
CSHi mando. as LOM) sNOyrsomerirc: benzyl Joletin t/a was 
produced as the nmr of the crude reaction product did not 
show signals in the region expected for a vinyl proton 
(1. 4.4-5.0) or a benzylic allylic methylene group (<t 7.4). 

The uv spectrum of the benzylidene compound 17 is 
unusual. Generally this type of compound absorbs at 250- 


255 nm with an. extinction coefficient of 20,000; for example 
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16-benzylidene-5a-androstane has Ae a 256 nm (é€ = OS 


Compound 17 has hoax 249) -(ex= 2, D50)= suggesting, that 
steric crowding by the gem-dimethyl group at C-4 is relieved 
by twisting, resulting in non-coplanarity of the chromo- 
phoric group. Similar results have been observed for sub- 
stituted biphenyls as well-as cis- and trans-stilbenes”?. 
The) benzy lidene. compound) 'L7 \didi‘notiundergo) ireac- 
tion when subjected to low-temperature ozonolysis. How- 
ever /OZOnNOLYSL Ss) Of "compound il (an Jaceticuvacid at hoom 
temperature gave ‘a low recovery of a crystalline compound, 
mp 138.5-140°, of unknown structure. The compound, which 
is insoluble in sodium bicarbonate solution,has the fol- 
lowing spectral properties. (i) The infrared spectrum 
has carbonyl absorption at 1730 (sh) and 1695 angt wie (Hi) 
Me nmrSpectrum«has nouisignalbulowemuthanet ai..8./p0therevare 
two singlets (2H) at t 8.14 and 8.17 superimposed on a 
broad multiplet and three methyl singlets at Tt 8.72, 8.74 
and 8.98. (iii) The mass spectrum silows measured jons at 
MPORLIA) &C 


ME) Lob AC ME = CoHy), an Geta i 


To (a> 2y 


(iv) The uv spectrum shows only end 


1218737 
131 Mt - C,H,0,). 


absorption. The ozonolysis product was acetylated with 


(CoH 


acetic anhydride in pyridine. The acetylated compound does 
noteshowritydroxyl) absorption in. the infrared, but) shows 
Carbonyl absorptions da@ti17/75_and 1720 om, 


Other methods of oxidative cleavage (KMn0,/NaIo,*°, 
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RuCl,/Na0Cl*") were unsuccessful. Unreacted benzylidene 
compound was recovered intact. Attempted conversion to a 
diol by prolonged treatment ek osmium tetroxide--hydro- 
gen peroxide? gave unreacted 17. Presumably the lack of 
reactivity of compound I7tius due tovstericenindrancée,of 
Enemcarbon=carbontdoublesmbond)! 

Thwarted in this approach, we attempted ketone 
transposition through the a-acetoxyketone route. The enol 
acetate 18 was prepared in 59% yield by treating ketone 
10 with iso-propenyl acetate. Epoxidation with m-chloro- 
perbenzoic acid gave 79% of the acetoxy epoxide 19 which 


on heating rearranged to the acetoxyketone 20. Alterna- 


tively, treatment»of ketone 10 with lead tetraacetate — 
in refluxing acetic acid for four days gave a 89% yield of 
a-acetoxyketone 20. This compound absorbs at 1760, 1759 
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anas1235 cm: 
trum. siows three methyl singlets (1 9.20, 8.84). 8./77)7 an 
acetoxy methyl (7/7.983), and “avlow-field methine (14.36, 
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gee rence designed to give the isomeric a- 
acetoxyketone 20a were unsuccessful. Under a variety of 
conditions (alumina?“, tetramethylammonium acetate: ), 
methanolic sulfuric Aeide 2) a-acetoxyketone 20 was recov- 
ered, suggesting that of the two isomers, 20 and 20a, the 
former is the thermodynamically more stable. Very mild 
Nyarolyaers conditions (HCl, room temp, 24 h) led to: forma— 
Peon Or O-nvcroxvcecones 4230 (ers) 3540) (0H) Li4as (C—O) cm ~) 
while more drastic conditions (H,SO,, MeOH, reflux, 24 h or 


HI/HOAc’®) gaye several compounds. 


ore a 
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The hydrolysis of compound 20 using sulfuric acid-- 
méitthanol’ at 65° seemed promising at first. The mixture 
appeared to be composed of two compounds (tlc, alumina, 
chloroform). We speculated that one of the components was 
compound 22 since the nmr spectrum of the reaction mixture 
shows a Singlet at t 6.4. This’ signal might’ be caused by a 


methylene of the group COCH.O. The mixture was separated by 
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dry column chromatography. The more polar compound was shown 
by spectral data to be a-hydroxyketone Zw ine sless potter 
component was a mixture as shown by its nmr spectrum. 

This was confirmed by glc analysis (Zonyl E-7, temp pro- 
gram, 180 ml/min) which showed the less polar component 
contained three compounds. The reaction mixture was not 
investigated further. 

Attempted reduction of tne a-acctoxyketone 20 to 
an alcohol by a modified Wolff-Kishner reaction led to a 
low recovery of a mixture of compounds. Attempted reduc- 
tion through the p-toluenesulfonylhydrazone derivative of 
the a-acetoxyketone 20 was unsuccessful. 

Because the a-acetoxyketone could not be converted 
to its isomer successfully, we felt that it might be pos- 
sible to transpose the ketone through the intermediate 
Olefin g23.. Treatment or ketone 10 withesodium boronydrade 
gave, in 95% yield, the alcohol 24. This compound, which 
is a semi-solid (mp 46-54°) gives the correct analysis for 
Ci Hy 30) and shows hydroxyl absorption bands at 3640, 3480 
and 1065 ane in’ its> infrared spectrum. “The nmr spectrum 
displays. threeyvmethy! singl@tae (1) 8.:80,-3H; 9.317, 6H), a 
hydrosy. proton «(tT 7.76), and @. carbinol spretomm (Tt 6.23,7 0, 
J = 9Hz) coupled to two methylene protons (Tt 8.33, d, J =9Hz). 

The alcohol 24 was resistant to dehydration by a 


variety of methods. Treatment with thionyl chloride in 
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methylene chloride*? Or with thionyl chloride in pyridine? 


gave a new compound (tlc, silica gel, benzene). This com- 
pound does not show hydroxyl absorption in the infrared 
spectrum, and the nmr spectrum snows signals similar to 
that of the starting alcohol. It seems likely that the 
Chloro,.compound .25~has been, formed;+a.¢,., that, the alconol 
undergoes substitution rather than elimination under these 
reaction conditions. 

the - alcohol was converted to the mesylate 26 by 
treatment with methanesulfonyl cnloride in pyridine. The 
ir spectrum of compound 26 does not show hydroxyl absorp- 
tion, whereas the nmr spectrum shows a low-field methine 
(75.32, CHOMs) anda mesyl methyl.(7 7,10)... Tae.mesylate 
was recovered when allowed to reflux with ethanolic sodium 
ethoxide or wnen stirred with potassium t-butoxide in dry 
dimethyl suironde 


Heating alcohol 24 with Nedine- or anhydrous ox- 


alic acia>? gave a low recovery of a mixture of compounds. 
X 
NaBH4 24 X=O 
AL ya) 
Oo 26 X=OMs } 


TsNHNH. 23 
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The olefin 23 was obtained by another route. 
Ketone 10 was converted to the tosylhydrazone ike gehen 
treated with methyl lithium to give the olefin 23°. The 
low yield (39%) of compound 23 may be, in part, attributed 
BOBBtCsnvohati bityo(bp.l1L5-120° , 760 im) ./-Thesin spectrum 
of olefin 23 shows absorption at 1610 em *. The nmr spec- 
trum displays a singlet (t 4.63) for two equivalent ole- 
finic protons, as well as three methyl singlets (t 8.83, 
O03 $99 2.0/5); x 

Compound 23 did not undergo Markownikoff hydra- 
tion by Brown's solvomercuration moneda. unreacted ole- 
fin being recovered. Hydroboration>° Of compounds 2 3efol- 
lowed by two-phase oxidation?’ gave a mixture of ketones, 


which was shown by gle to be a 3 to 2 mixture of positional 


isomers, the major isomer being ketone 10. 


1.B2H6 os, 
O03 


2.Gr 
10 
23 Major minor 


In searcn of a more promising ketone transposition 
method, we pursued the oximinoketone route. Initially 
formation of the oximinoketone 28 presented problems. 


Treatment of ketone 10 with n-butyl nitrite under acid 


58 


catalysis for 12 hours gave only starting ketone, whereas 


use of i-amyl nitrite with potassium t-butoxide in anhy- 


adrous: t-butyl aloonois led-to: formation (of the: oximino— 
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ketone. When the reaction was carried out on a larger 
scale, however, very low yields of oximinoketone were 
obtained. The major compound formed during the reaction 
was tne acid nitrile, 29 (mperso- 292 iewhi ch@arose “From 
a Beckmann cleavage reaction. The ir spectrum shows a 
broad carboxyl band (3400-2500 cma ie a nitrile band 
(2220 em +) and avcarbonyl band” ¢1710 em7*). En"VoerderYto 
determine at which stage of the reaction cleavage occurred, 
the following experiments were carried out. Oximinoketone 
Bogwasm recovered jjuantitativelyvatter being stirrediwa th 
dibute nydrochioric.zaciad, for one hour.’ On the other hand, 
a mixture of oximinoketone and acid nitrile was obtained 
when compound 28 was stirred in a solution of potassium 
hydroxide in) anhydrous. t-butyivalcohol ‘fore24) neurs 4) it 
thus appeared that cleavage occurred during the reaction 
and not during the reaction work-up. Manipulation of the 
experimental conditions enabled us to form oximinoketone 
26. tin Sgocdayirelayyeraus treatment*or ketone 10 with dry™i- 
amy 1 nitrite and either freshly sublimed potassium t- 
butoxide or potassium t-amylate in anhydrous benzene? gave, 
in 89% yield, oximinoketone 28 as a mixture of isomers (ir, 
nmr). 

The ir spectrum of the oximinoketone mixture shows 
absorptions’ at 3560, 3360) QNOH):, 1740, 1690; (C=O), 1630 


and 1580 (C=N) crits An attempt was made to separate the 
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isomers. Chromatography over silicic acid gave first a 
crystalline mixture of the two isomers, followed by a 
crystalline oximinoketone, mp 128-131.5°. This isomer, 
which was present in largest amount, shows absorption 
Dands “at 3560, 3360 '(NOH), 1740 (C=0), and 1630 (C=N) cm? 
Hieles inirared spectrum. “This eis consistent with an inter- 
molecularly nydrogen-bonded oximinoketone. The nmr spec- 


LEUM Silows Signals -for “the oximinowproton. (1 .0.15)..as well 


Somer ee Meciy. sgGoeups. (7 6..09 7 1GH? #8..75, 6H). 
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In an attempt to utilize Corey's ketone transposi-— 
tion method?4, the oximinoketone was reduced quantitatively 
with sodium borohydride to the oximino alcohol, 30. The 
iy spectrum of this erystal line compound (mp 69-7255 °) “shows 
absorptvon bands ac 358073300 and 1070-(br, NOH, SOR) eand 
1680 (w, C=N) cm >. Mildv acetylation of 20 attorded a 
crystalline “acetoximino valconol 31 «(mp iso 7o-390'.5°)% "the 
ir spectrum of the acetoximino alcohol shows absorption 
bands at 3550, 3450, 2070. (OH),~1755 (C=0)7-and 1660 --(C=N) 


aie : 
cm ~~. More vigorous acetylation gave a mixture of.acet- 
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1 1 


oximino acetate 324 el 12) Os Oi Oreo cm (C=0)' tem: 


) 


and another compound which was probably the cyanoalde- 


: (C=N) ane nmr Tt 


Bydewa ts (ie: 12730) 1720CHO, 2230 cm) 
-0.33 CHO). Attempted mesylation of the acetoximino alco- 
hol gave a mixture of the acetoximino mesylate 32b and the 
cyanoaldenyde. Although the latter compound was not iso- 
lated, fragmentation to form the cyanoaldehyde is not 
unusual. Sucn a reaction is well documented for a-hydroxy- 
oximes, a-ketooximes, a-ketoetheroximes and similar com- 


pounds®?, 


ae 
| — NOH 
30 Zi NOAc 
32a X=OAc 
CHO 
616) 
CN 


Since neither the acetoximino acetate nor the 
acetoximino mesylate could be prepared in good yield, 
reductive deoximation was attempted on the acetoximino 
alcohol, 31. Compound 31 was treated with chromous acetate 
and the reaction product was analyzed by, gGic=-mass spectro— 
scopy. A mixture of eight compounds was obtained. Three 


minor compounds had the desired molecular ion (m/e 152), 
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and one of these had the same retention time as ketone 10. 


The major compound formed was probably the cyanoaldehyde 


3 as shown by the ir and nmr spectra of the reaction mix- 


ture. “inher low yield of ketone produced by this * reaction 
precluded its use in our synthetic sequence. 
Utilization of the Wolff-Kishner reaction enabled 


us to remove. the iGarbonyl! group anmehe oximinoketone. 


55 


Heating the oximinoketone with excess hydrazine led to 


asolation of a small quantity of oxime 34, however use of 


just one and one-half equivalents of hydrazine hydrate with 


oy 


excess base gavera crystalline oxime’ (mp 118-119 52), in 


82% yield. This compound analyzes correctly for Cy 9H NO. 
Its ir spectrum shows oxime absorption at 3580 and 3290, 
as well as C=N absorption at 1670 cmt, The nmr spectrum 
displays a low-field, D50 exchangeable proton (7 0.80, NOH); 
geminal methylene protons as a set of doublets Carrey Oi 
173, des LOHZ) and three methyl? signalswi(t +S. 707) 3H7.°3.93,, 
OH)i 

Several methods were investigated in an attempt 
to convert oxime 34 to the ketone. Hydrolysis with levul- 


201C aca eo sodium bisulfite®??, or treatment with thal- 


lium trinitrate®*° gave low yields of ketone. However, 


ketone 35 was formed in high yield when the oxime was 


62d 


treated with titanium trichloride in dimethoxyethane. 


The ketone analyzes correctly for Ci 9 H16° and’ £erms. a.-2),4- 
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dinitrophenylhydrazone derivative (mp 169-171.5°). It 
shows, carbonyl absorption. at..1735 emt in the infrared. 
The nmr spectrum of ketone 35 displays two singlets. for 
non-equivalent geminal methylene protons (Tt 7.68, 7.70) 
anceacirees moth lasgroups: (te 186/009 JOD pe oe lO) 


NH2NH2 =NOH_ yicy =O) 
ae KOH aa Pe 


34 30 


With Ketone 25 tin hand, we considered several 
methods of effecting cleavage of the C-3 C-4 bond. Photo- 


lytic cleavage reactions in saturated ketones are well 


frown The reaction can formally be represented as 
O 
hy 
es 
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fission of the CO-C bond on the side of the carbonyl group 
where the most substituted radical will be generated, fol- 
lowed by stereoselective intramolecular disproportionation 
to form a ketene and/or an unsaturated aldehyde. The for- 
Mation of an unsaturated aldehyde is observed largely in 
non-protic solvents. 
Bxamination of a molecular model of sketone (35 

showed that formation of a ketene should be favored over 
formation of an unsaturated aldehyde. Thus the photochem- 


moalvcicavage (of ketone, 35.did not seem promising. 
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An alternative reaction is the photo-oxidation of 
cyclic ketones to unsaturated carboxylic acids®*, When 
3-keto-4,4-dimethyl isoprenoids are irradiated while oxy- 
gen is continuously passed through the solution, -an unsat- 


urated acid can be isolated after 24 hours. The proposed 
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mode of formation assumes that the cyclic ketone in the 
photoexcited state reacts with an oxygen molecule to form 
a hydroxy--hydroperoxy diradical. The diradical undergoes 
intramolecular rearrangement in a stereoselective manner 


to yield an unsaturated acid. 


Any ketone with at least one hydrogen on a B-carbon and 
cisoid arrangement of oxygen and hydrogen should undergo 
the cleavage reaction. These requirements are met by 
Eorote LO fand ketone’ So. “Because ketone 10 was more 
readily ‘“available™than ketone 357, It was “used”as a model 
compound for the photo-oxidation reaction. An oxygen- 
Saturated solution of ketone 10 containing cyclonexylamine 
was irradiated for 24 hours. The photolysis mixture was 
separated into acidic and neutral fractions. The acidic 
fraction (20%) contained a mixture of many compounds. 
The neutral fraction (70%) contained mainly one compound 
which was isolated by chromatography. It is a saturated 
anrde< mp 53-56° ,-"(irs* *-3430 “NH)])) 16707" Te50°"(C=0, 
amide I, amide ITI) em + nmr: Ano: olefLiniecs protons) and 
was assigned Sseruccure™ 20" On” tiie basis Cr tear specunra. 


properties. 


—_ 
ni A,» 
re 


eds ah venogonoaiiegys ort Sard earns: : 
m=ot «3 slanted Loot rig x +: coe ih Ee vaio baat 
ego a Leoibesib: sat Le> Aan Vitor eed ain 
Vanein selitsalisegoretc 2 ak 3 Pear vee ern 7 


' bd 4 . 
Oia borer pane ne 


y a 
+ 
> 
f 
fi 
i 
eo y 
‘ ea 
o> 
“ a 
oJ - 


; A i 
F , 
+ ~ ow, - ae: * 4 = a ® , dad 7 . 
DRE’ AOcy ; “Way a ep eo) Aa a SE40). “eae ©, ot Ap P98 


+ rea addi erty crits ‘61 &) ; 7 SITE Re re i Mopac ae bo? 


ip 


ft *\) 
' * A ie ; + per ~ + a 7 ~ ‘if bn P wl i vi —"* 
J 4a) Sain ibe oat ypeirs WooST eaeen a eh pee wf tchn abit 
i i 
.. . al ¥ 2 . pan ir a : v4 
npton Saw Bl edodes Sarscen Ca. Tip Yipee ‘bri ae 


A 
= 
~ 
a 
Ww 
x 
ing 
w 
¢ * 
, 
ae 
rd 


SHES oa ek fey ottieliviewa 


EST, FP allg ie so (ain eo gone | 3 7 204 Lith: ae 


Sele. aD) (Real Seee8) dire ter’ las? sihios ognh Be 


ne 


ponitaanes gan ses orn # Ba habieeds cA De) 
pitt, ‘afta gcegianm hitiasaas. | HeoV5 baie rad iG, . 
Soden # os Sk) ia Qlictinnddmosds po) bay a 
[tore sora} Ope Meat OG DERE 2h), 
| ee pana on ean ee (hr: eiaies 


er ea 


a a8 oy 
ar . L 


Bi le 


> beO 
oe 


benzene 


Me (Nie 36 


While photo-oxidative cleavage has been used in synthesis 
of 3-ketosteroids®>, yields are generally poor; the other 
products formed are those arising from ketene formation. 
Since one of our objectives was to achieve the synthesis 
of grandisol in good yield, this route did not seem espe- | 
Cially promising. 

It has been shown that molecules which meet cer- 
tain structural and geometrical requirements can undergo 
specific intramolecular free-radical oer at unactivated 
C-H bonds. A number of reactions of this type have been 
Peviewedo 1°, and have become synthetically important. 
They include the photolysis of nitrite esters (the Barton 
reaction) °’, photolysis of Rypen el tes treatmentyor an 
alcohol with bromine and silver Oxieey and treatment of 
an alcohol either thermally or photolytically with lead 
tetraacetate’, The key step in each of these reactions 
is an intramolecular 1,5-hydrogen transfer through a six- 
membered cyclic transition state. This: transfer corres= 
ponds to specific attack on a hydrogen atom attacnea to 


a 6-carbon. In this type of reaction the distance between 


° 
reacting centers must not: be too great (<2.8 A). 
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No products resulting from 1,4-hydrogen abstraction have 
been observed. In compounds which may undergo only 1,4- 
hydrogen abstraction because of structural or steric 
reasons, an alternate reaction occurs: f8-cleavage of the 
oxy-radical to form a carbonyl compound and an appropri- 
ately substituted alkyl moiety. 
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For example, in isoborneol’ ~, the distance between the 


S=methyl group and oxygen is large, thus the elkoxy radi- 


cal undergoes fragmentation. 


—— 


CHO 


These "Barton-type" reactions could have synthetic utility 
in our case because reaction of the appropriate alcohol 
derivative should favor cleavage over 1,5-hydrogen abstrac- 
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NOH |, TiGis OH 
Naeem 
34 37 


Alcohol 37 was prepared in two steps from oxime 
34 without isolation of the intermediate ketone. Thus 
treatment of oxime 34 with titanium trichloride, followed 
by sodium borohydride reduction gave alcohol 37 in 95% 
Overall yield. Alcohol Si, which isa Liquid (ny e467 5) 
shows absorptions characteristic of an a-branched secon- 
adaxny alcohol at "3370, and. £060 em in its infrared spec- 
trum. The nmr spectrum shows a carbinol proton as a quar- 
tote Cito. 6) = a7, PLEHZ) ca hYGroxvi proton, (Cr oho/6) “and 
three methy1 sanglets, (1 8.77), «8.90; -9:..05)2 

Althougn we feélethatewarderivative of alcohol 37 
may undergo cleavage, no such reaction was attempted since 
at about the same time successful cleavage of the C-3 C-4 
bond was obtained as described on page 40. 

One final route to cleavage of the C-3 C-4 bond 
should be considered: that arising through a rearrange- 
ment reaction. Three such reactions could lead to syn- 
thetically useful intermediates in our case, notably, the 


(Een eey the Schmidt reqeticn: 30. 


T4a-d 


Baeyer-Villiger rearrangement 
and the abnormal Beckmann rearrangement 


In the Baeyer-Villiger reaction, treatment of a 
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cyclic ketone with a peracid gives a lactone. Normally 
the group whicn migrates is that wiaich is best able to 
Support a positive charge. It is apparent that oxidation 
of an unsymmetrical cyclic ketone can lead to two isomeric 
lactones. Often reaction conditions may influence product 
distribution. For example, camphor gives rise to dif- 
ferent products when oxidations are carried out in neut- 


Hoyle aed is 
ral and acidic media’”. 


RCO3H ZAG) 
Ht = \ 
Xe) 
DN ass 
RCO3H O 
neutral 


However, when 4,4-dimethyl-3-ketosteroids are subjected 
to Baeyer-Villiger reaction conditions, loss of a methyl 
oe ie 16 aac 
group from C-4 results giving a monomethyl lectone = 
Mite Meeresting: modification. dimits. the utility Of fhe 
Baeyer-Villiger oxidation as a possible step in our syn- 
thesis of grandisol. 
When an unsymmetrical, cyclic ketone is treated 


with hydrazoic acid, two isomeric lactams may be produced 


and under certain conditions both products of the Schmidt 
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reaction are formed. Whenever one of the groups attached 
to the carbonyl group gives rise to a stable carbonium ion, 
fragmentation producing a nitrile may result’, 

The Beckmann rearrangement reaction of oximes 
usually gives results similay to the Schmidt reaction. In 
general, a lactam is formed when a cyclic oxime is treated 
with phosphorus pentachloride, concentrated sulfuric acid 
Otea tTumoer Of Other. Lewis or proton acids. The group 
waich migrates is the one trans to the hydroxyl Group. 1, Lt 
is known, however, tnat unsymmetrical cyclic ketoximes can 
form both possible lactams and it may be that the oxime 
undergoes isomerization under the reaction conditions 
before the migration takes place. The so-called "abnor- 
mal Beckmann rearrangement", a fragmentation reaction, may 
occur with ketoximes, particularly in cases where a stable 
carbonium ion may be formed. There is evidence in some 
cases that the mechanism involves first rearrangement and 
then amide formation or cleavage, i.e., that the product 
is determined after formation of a common intermediate. 
Variation of experimental conditions can direct the reac- 
t1Lon, course. 


CH H22_ RNHCOCH3 
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This fragmentation reaction has found synthetic utility 
in the triterpenoid fie1al®, and more recently, a Beckmann 
fragmentation was a key step towards the synthesis of 


nydrazulenes’?, 


PTsCl 
S1h1Citlveees 2 


We felt that the abnormal Beckmann rearrangement 
was the method of choice to effect bond cleavage in our 
synthetic sequence. Initial experiments to this end were 
disappointing. ‘Treatment of oxime “34 with p-toluenesul- 
fonyl chloride in refluxing pyridine, thionyl chloride, 
phosphorus pentachloride, or phosphorus pentoxide gave 
varying mixtures. The ir spectrum of the mixtures showed 
two nitrile absorptions (2260, 2220 em7*) and carbonyl 
absorption of a lactam (1655 eee Therefore it seemed 
important to establish the stereochemistry of the oxime. 

Several methods utilizing nmr have been suggested 


for the determination of the stereochemistry of eines tao. 


In the method of Karabatsos and co-workers 294, nmr spectra 
were obtained in carbon tetrachloride and in benzene. The 
magnitude of the benzene-induced changes in chemical shifts 
were taken’ as “an™indteation of configurations: Theyobser- 


ved that Av(Av = for ‘protons Ftrans *to 
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the oxime hydroxyl is greater than the Av value for the 
Same proton when cis to the hydroxyl. 

The nmr spectra of oxime 34) in benzene and car- 
bon tetrachloride show that only one isomer is present. 
Since the assignment of configuration by solvent effects 
requires comparison of changes in chemical shifts for the 
same protons in both isomers, this method was not informa- 
tive in our case. 

FOX arid co-workers??? obtained nmr spectra of 
Oximes in benzene solution. The addition of small amounts 
of concentrated hydrochloric acid vapor to an nmr sample 
caused’ the d-=protons cis to the hydroxyl to shift: to higher 
field, while the trans a-protons were shifted to lower 
field. 

When hydrogen chloride is added to a benzene solu- 
tion of oxime 34, the nmr spectrum shows no change. Addi- 
tion of excess hydrogen chloride resulted in salt formation. 

Tris (dipivalomethanato) europiumIII [Eu(DPM) 3] has 
recently been used to effect paramagnetic-induced shifts 
in the nmr spectra of oximes. Wolkowski°?° obtained nmr 
spectra in carbon tetrachloride and carbon tetrachloride-- 
Results were reported as AEv(AEv = 6 m6 ) 


oe Eu ccl, 


ppm after extrapolation to an equimolar ratio of Eu (DPM) , 


Eu (DPM) 


tosoximeur Hel found :thaitwciis- o=protons) are. more stronghy 
shifted than trans a-protons, for example the values for 


cis- and trans-2-butanone oxime are shown below. 
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Ae 16.2 12.8 24.0 
H CH9 -CH CH CH9-CH 
Sic- 2 3 30° 2 3 
Tt) T 
N N 
HO- ~OH 


Hewproposes that tne proton to oxyqen distance is a pre- 
dominant factor in the induced shifts while the nitrogen 


Pore palr plays an insignificant role. On’ the other hand, 


80d 


Berlin and Rengaraju obtained nmr spectra in deutero- 


ehnloroform and deuterochloroform--Eu (DPM) 3. Results were 
reported as Aé(Aé = Sey - Scuer ae: 


protons of the trans forms are more deshielded than the 


TASVyr TO lia hia terre b 


corresponding protons of the cis forms, for example, 


0.26 0.67 0.89 0.37 
CH3. 6 CH2CH3 CH3_ 6 -CH2CH3 
iT} : Tt} 
N N 
hors ~OH 


They suggest that co-ordination occurs througn the nitro- 
gen lone pair and that the difference in magnitude of de- 
Shielding @f Ekets fand cis Teonisiis@a Steric “effect. 


Addition of Eu(DPM), to an nmr sample of oxime 


B 
34 initially gave poor spectra. However, when a lower 
temperature (10°) and longer contact time (one hour after 


addition of shift reagent) was employed the following 


89% 


results were observed. The gem-dimethyl group shifts 
0.99 ppm downfield, whereas the methylene protons shift 
2.00, 2.04 ppm downfield. In view of the contradictory 
results of Wolkowski and Berlin and Rengaraju, we are re- 
luctant to assign the stereochemistry of the oxime on the 
basis of these metnods. Presumably the complex is bind- 
ing on the side of the methylene group, but whether it co- 
ordinates with oxygen or with the nitrogen is uncertain. 
A trans stereochemistry of oxime 34 CU) com tine 
Bem dimethylygroup)* is*destrable for cleavage of the C-3 
C-4 bond. On the intuitive assumption that we indeed had 
the desired stereoisomer, experimental conditions which 
would, effect. the.cleavagesgwere sought... When ,oxime.-34 
was stirred with phosphorus pentachloride in anhydrous 
benzene--ether (1:1), seconitrile 38 was formed as tne 
major product (glc--mass spectroscopy). If the solvents 
were not rigorously dry, another compound of uncertain 
structure was formed instead. The compound has the fol- 
lowing spectral properties: 
(i). The ir spectrum shows snarp absorption bands 
at 3300 (NH), L6g® (CaO) cm ~. 
(iP) Tne nmr cspectrum shows, abroad srgnali at 732.65 
and three methyl singlets (t 8,33, 8.40, Oa BO). 
(iii) The mass spectrum shows an ion at m/e 220 with 
50 


measured mass for CgH, NO ClL-.. This was. obvi- 
hs 


ously not the molecular ion since it had an even 
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number of hydrogens. Chemical ionization mass 
Spectrometry shows that the molecular ion is m/e 
232) « 
A structure consistent with the spectral evidence 
is shown below. It could arise by chlorination of the lac- 


tam formed on Beckmann rearrangement of oxime 34. 


CIEG} 


Phospnorus pentachloride has previously been reported to 
enlorinate alpha tothe carbonyl of a Ketone for example, 
2,2-dimethy1l-3-pentanone forms 2-chloro-4,4-dimethy1-3- 
pentanone upon treatment with phosphorus pentachloride. 
Seconitrile 38, obtained by Beckmann cleavage of 
oxime 34, was not purified but hydrolyzed with potassium 


hydroside to secoacid 39). 


COon 
Nat PCls N Kou s é 
ether ethylene 
benzene it glycol 4 
34 38 220° 39 


The secoacid had been prepared previously be Sidall and 
co-workers’. The ir spectrum of compound 39 snows absorp- 


€ion, bands: at 3300-2500 (COOR), 1710 (C=O), and 1650, 890 
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(C=CH,) cm +, The nmr spectrum displays the acidic proton 
ait (0.4, two °vinyl protons. (4. 5416," 5.34), vax vinylic 
Hetny id qroup. (7 8.33), and a methyl group (1 8267) - Tne 
spectral data obtained corresponds to that reported?» 
Reduction of secoacid 39 with sodium bis (2- 
methoxyethoxy) aluminum hydride gave grandisol, 1. The 
specera ,Ofithei synthetic) preduct;ocompoundad;. are zdenti- 


cal with published spectra®”, and are presented on pp 47. 


OH NaAlH,(OCH2C HOCH) CH,OH 
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As mentioned at the beginning of the discussion, 
one way of modifying ketone 10 to grandisol would be trans- 
formation of the C-2 carbonyl to a leaving group followed 
by a fragmentation venction can. While this synthetic 
sequence was not completed, some preliminary experiments 
were directed towards this plan and are reported here. 

When alcohol derivatives with both a and yY branch- 
ing are subjected to solvolysis, they may undergo fragmen- 
tation to give -an olefin, andea. carbonium ions ~The carbon- 


ium ion then undergoes further elimination or substitution 


depending on the reaction conditions. 
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These fragmentation reactions occur to the greatest extent 
for tertiary substrates, but even with favorable substrates 
fragmentation is not always observed. Thus cis- and 

trans-3,3,5-trimethylcyclohexyl tosylate does not give rise 
to fragmentation upon solvolysis®?, However, fragmentation 
does Gore in strained compounds, for example, endo-bornyl 


: ’ : Seo 
amine forms a-terpineol and limonene on deamination . 
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| HNO : S 
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We felt that solvolysis of a derivative,of alcohol 


34 might favor cleavage over elimination as shown below. 
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The mesylate 26, prepared by treating alcohol 24 


with methanesulfonyl chloride in pyridine was solvolyzed 
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gi refluxing acetic acid Containing sodium acetate. The 
reaction product was analyzed by glc--mass spectroscopy. 

Of the twelve compounds present in the reaction mixture, 
only one minor compound had a molecular ion of m/e 136. 
Several major components (4) had molecular ions of m/e 154, 
isomeric with alcohol 24. It therefore seems that solvoly- 
Sis of mesylate 26 gives rise mainly to rearrangement pro- 
ducts. Other workers have obtained similar results. Win- 
stein and co-workers °> studied the solvolysis of a similar 
compound, 2-brosyloxybicycilol(3.2.0jheptane. They found that 
this ester acetolyzes with extensive rearrangement, the 


major product being 7-acetoxybicyclo[2.2.1l]heptane. 
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Perhaps a better molecule for fragmentation would 


be that derived from a-acetoxyketone 20. Solvolysis of 


such a compound could give the desired fragmentation pro- 
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20 


This fragmentation scheme has an advantage over that pre- 
viously proposed. The fragmentation product has’ ay func-— 
tional Group) Or the correct carbon. Lor .moditication vor the 
Compound |to  grandiaso.), 

We therefore investigated such a reaction pathway. 
Reduction of a-acetoxyketone 20 with sodium borohydride 
gave a mixture of two acetoxyalcohols as shown by nmr 
Spectroscopy (two acetyl singlets’ 1+ 7.87, 7.93)... Varying 
the reaction time (15 min to 4 h) or solvent composition 
(DME/H.0: 4/71 .to 50/1) did not alter the product compo— 
Sition? Conditions could not be found which would ‘allow 
Separation of the mixture (tic, gic), 

To determine whether the mixture contained posi- 
tional isomers or epimeric acetoxyalcohols, the following 


a7 of the 


experiment was carried out. MTwo-phase oxidation 
acetoxyalcohols gave two acetoxyketones, 20 and 20a, as 
shown by glc and nmr spectroscopy (metnine proton singlets 
T4037, 4.74). thus sodium boronydride, reduction “of c= 


acetoxyketone 20 gave a mixture of positionally isomeric 


acetoxyalcohols, 40a and 40b. Similar results have been 
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reported for sodium borohydride reduction of steroidal a- 


acetoxyketones °°, 


Oo OH Ac 
OAc | OAc H 


_Na BH4 SS +. 
20 40a 40b 


PeCUCTION .OL acecoxyrevone 20 either (cacalyil— 
cally Or with sodium cyanoborohydride led to recovery of 
compound 20 intact. 

Replacement of the acetoxy group of compound 20 
With a methoxyl group should alleviate the formation of 
pesitional Bisomers \during reduction. a—-Methoxyketone 42 
was an attractive intermediate, and should be available 
from an a-bromoketone. 

The a-bromoketone 41 was prepared in high yield 
by bromination of ketone 10) with pyridinium bromide, per— 
bromide. This compound analyzes correctly for C398) 50Br. 
The ir spectrum of compound 41 shows carbonyl absorption 
at oLroU oo and the nmr spectrum shows a lowfield methine 
Singhetr(1t 493) as’ well as three-metnyiiisinglets (1 8.72, 
8.86, 9.14). This data is consistent with an a-bromo- 
ketone. However, attempts to prepare the a-methoxyketone 
have not been successful. Efforts along this line were 
discontinued when the oxime fragmentation route proved 


successful. 
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The synthetic sequence employed to synthesize 


grandisol is summarized below. 
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Figure 1 


Mass spectrum (MS-9), infrared spectrum (CCl y) and nuclear 


magnetic resonance spectrum (CC1l,) Of «Synthetic grandisoly 
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Figure 2 


Mass spectrum, infrared spectrum and nuclear magnetic res- 


6b 
onance: specerumpor grandisol, Yl. 
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Pe were of Mom oaN oD AG 


Solutions were dried over anhydrous magnesium sul- 
fate unless otherwise specified. 

Re value = distance moved by compound / distance 
moved by solvent. 

Melting points were determined on a Fischer-Johns 
or Leitz-Wetzlar hot-stage melting point apparatus and 
are uncorrected. | 

Microanalyses were performed by the Microanalyti- 
cal Laboratory of this department. 

Infrared spectra were recorded on a Perkin-Elmer 
Model 337 grating infrared spectrophotometer, a Unicam 
SP1000 grating infrared spectrophotometer, or a Perkin- 
Elmer Model, 421.dual ,grating infrared, spectrophotometex... 

Nuclear magnetic resonance spectra were measured 
using a Varian Associates Model A-60 spectrometer or a Var- 
ian Model HR-100 spectrometer with tetramethylsilane as 
internal standard. Deuterium exchangeable protons are noted 
in text as D,0. 

Mass spectra were recorded on an A.E.I. Model MS-9 
mass spectrometer or an A.E.I. Model GC/MS mass spectro- 
meter with a WB separator. 

Chemical ionization spectra were recorded on an 
A.E.I. Model MS-12 mass spectrometer with a chemical ion- 


ization source and ammonia as internal standard. 
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Preparation of eucarvone, 8 
Carvone (100 g) was added dropwise to a stirred, 
cooled solution of hydrobromic acid in glacial acetic acid 
f20079g, 302 Her in ilacial HOAc).. The mate, of saddition was 
adjusted such that the temperature of the solution was 
maintained between 8 and 12°. When addition was complete 
(approximately 0.5 h), the cooling bath was removed and 


stirring was continued a further 15 min. The solution 


was poured into water (800 ml). The lower organic layer 
was separated, and the aqueous layer was extracted with 
ether. The organic fractions were combined, washed twice 
with water, neutralized (NaHCO), wasned with water, dried 
(Wa,S0,), then added dropwise to a stirred, cooled solu- 
tion Of potassium hydroxide {75 g) in methanol’ *(300° ml). 
After addition was complete, tne solution was concentrated 
on a steam bath, then poured onto a sulfuric acid (50 ml)- 
crushed ice (1 1.) mixture. Water was added to dissolve 
the inorganic salts. The upper oily layer was separated 
and the aqueous layer extracted with ether. The organic 
fractions were combined, washed with saturated sodium 
bicarbonate solution, water, and dried (Na,SO,). The solu- 
tion was concentrated and the residual oil fractionated 
using a spinning band apparatus to give 65 g, 65% eucar- 


vone, 8. 


bp 82° (7 mm); n2* 1.5050 [1it.°97'? bp 82,5-84° (8 mm); 
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1D dat): 1660 cm (C=C-C=0O). 


Photolysis studies of eucarvone, 8 
Eucarvone in various solvents (0.08-1.1M) was 
irradiated in a pyrex vessel with an immersible mercury 
vapor lamp (Hanovia 250 W) for varying lengths of time, 
tie reaction being monitored by gle, After the appropri- 
ate workup the crude photolysis mixture was fractionated 
using a spinning band apparatus. Results for the solvents 


studied are presented below. 


Photolysis of Eucarvone in Various Solvents 


Solvent Time Glic (No. compd) Yield of Compound 9 
Methanol tpg 5a Zi SOs 

TFE Po 88 5) none 

SGC Sc 5 none 
Ethylene b 

glycol 5 ic 4 30-35% 
Ethylene b 

glycol-TFE LEO. 3 50-525 
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br20tosas As!" Carbowax 20M ,' 200 F260) ml/min 


15a 
le, fe 4=Trimecny Lbacyelo [3.2.0] nept=6-en=2+one;* 9 eu 


Atstarred solucion oOf°eucarvone (130° g) in ethyl-— 
ene oivcols (500iml) and tritlvoreethanol (50 ml). was irra- 


diated in a pyrex vessel with an immersible mercury vapor 
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Dlr. 
lamp (250W, Hanovia med pres) for seven days. The photo- 
lysis mixture was diluted with water (500 ml), then contin- 
uously extracted with pentane for 48 hours. The pentane 
solution was dried, concentrated inv vacwo at oom, temper= 
ature, ,and the residual oil was fractionated through a 40 


cm spinning band column giving unsaturated ketone, 9. 


ph s0—91°) (353 mad > ake (945 6 aes Deer - 11S) oh 
25 
nee Lha55o 1% 
ieiseMcniy 4s esoje. 


+P neat)? 


nmr TORO WC ie, i = eee aS 


cis C=C SOR auily 


bec) 
J= 2.5Hz, cis CCl yay e/a Ue (Ca eee ie = 17Hz, gem CH), 7.44 
(Sow Ch),, oc Ad, 1) J -= L7Hz, gem CH.) , Oe Ore oe 


Gua) r 8.92 (5, / 3, CH Cah Ey peel ie 


3)" 
2,4-dinitrophenylhydrazone derivative mp 162-163° ile 


Oso NO 5 ite 


Lp4,4=Trimethy lbicyclo[3.2.0)]heptan-2-one, des 


Unsaturated ketone 9 (5.8 g) was hydrogenated over 
30 apalLadized charcoal. {(0.l ,¢q).in methanol (100 ml) at 
room temperature and atmospheric pressure. After one 
equivalent of hydrogen had been consumed, the mixture was 
filtered. and~concentrated.. The residual. clear liguid.(one 
compound by glc analysis (10% PDEAS, 10' x 1/4", column 
temp 150°, flow rate 60 ml/min) was used in subsequent 
Steps. wathoutefurther purification. .Yileldiot saturated 


ketone 10 was 5.6 g (95%). 
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ead oe Ht, O35. 


noe . r a 7 
ATuneat) | 2 35 .6EM (C=0).; 


nmr tes 1 ODS ey CH), see a ee se CH3), OHO ats, 


(CCl ,) 
3 CH). 
Mass Spectrum: (m/e 152.1201 called for C3 9H 162 ALS aim ten He et 
meas (67)4) L371 (9 iy. 124(29)) 09,089). 95497) 82 (100) 7481 
rm Ore mOd COW deg pot 2 Olin 4 uO 7) eS So COs 
2,4-dinitrophenylhydrazone derivative mp 148.5-150.5° 
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popenz2ylidenes1,4,4—-trimethylbacyclo [3.2.0 |heptan=2-one, 15 

A stirred solution of ketone 10 (1.4 g), benzalde- 
byde (3. ml) , sedium hydroxide (0.9 9g), methanol (45 m1) and 
water (25 ml) was heated on a steam bath for 48 h. The 
reaction mixture was cooled, diluted with water and extrac- 
ted with methylene chloride. The organic fraction was dried 
and. concentrated to an o11 (0.6 .¢) « which was purified by 
chromatography over alumina (BDH). Elution with petroleum 
ether (bp 65°) gave an oil which was a mixture of cis- and 
trans-benzylidene ketones. Further elution with pet. ether 
gave .cis-benzylidene ketone as a crystalline compound (mp 
Dp SO° total vield D6 5 oes. 
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Ee epeL.) CLS tec 0) (Syn), CLS COCSCE I 2.33/05 Dy 
Bey Ose (Ml, O) ip Ox. 10 (S58, CH3), re AS sel alee Bs Hp CH3), 
eC Sica » CH.), Cheno =lot 6.43. (Se ikrans (COC=Cihjy io. 7 2 
(Ss. CH), es ee Oe CH,), 8.95. (S., CH). 


mass spectrum:,.m/e 240.1514.caled.for,c 24051516 


177202 
eas. (100) ,. 22535), .212(52) ,.197(46}> .184(25),. 170129), 
Mee oy 155142) 1143 (37) oneal oe (sGhe sie 


ee OU Oo BO). YL tO) pa top t LGB Oe poo sO): 


Seber zy i) ,4,4-crimernyipicyclo[3. 2.0 | nepran-2-one, 16 
Bben2yridene ketone 15) (\0.o0g)sinvethens (200ml) 
was added dropwise to a stirred suspension of lithium 
aluminum hydride (0.2 g) and aluminum chloride (0.98 g) 
in ether (70 ml). After addition was complete, the mix- 
ture was refluxed for 24 hours, then cooled. Excess hy- 
dride was destroyed by cautious addition of 3N sodium 
hydroxide, then water. The ether fraction was separated, 
dried and concentrated. The crude product was chromato- 
gGrupled over alumina .(BDE}.) Elution with petroleum ether 


(bp4652) gave benzyl “ketone 16, .as.an oil, (0.299, 56253)" 
24 
op 
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mass spectrum: m/e 242.1617 calcd for C1 7H220 242-1678 


moses ee SOLO), I46(12) 5) oad lo) 1.2389 )4<'97.(84)— 


Pitas eb O40)" 5549 i, 4312) 4 (28) . 


3-Benzylidene-1,4,4-trimethylbicyclo[3.2.0]heptane, 7 

Benzy ladene ketone? 15" (0.21 ‘g)) 85%" hydrazine’ hy- 
arated (29m), 4hydrazine? dinydrochtoride’ (0.73 g) and tri- 
erchnylene glycol (174 ml)’ were heated at 120° for ‘two hours. 
Potassium hydroxide pellets (1.1 g) were added and the 
temperature was slowly raised to 230°, allowing the low 
boiling material to distil. The reaction mixture was held 
at that temperature for 1.5 h then cooled, diluted with 
water and extracted with petroleum ether. The pet ether 
fraction was washed with water, dried, concentrated and the 
resaducl o1l substilied bp, L004 40..5 mm). ey reldeOniaieag 
(58%). 
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mass spectrum: m/e 226.1721 caicd for Ci 4Ho51 Hie Gn ao 


meaco(6) 19369). ceo LOO ye 294 Tas 91 aoe 


Attempted oxidative cleavage of the benzylidene compound 17 
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17 in the solvent shown until a blue color indicated the 
presence of excess ozone. The reaction mixture was allowed 
to stand at varying temperatures for varying lengths of 
time. Excess ozone was removed and the reaction mixture 
subjected to an oxidative workup. In. most cases only un- 


reacted benzylidene compound was recovered. 


Conditions Used for Ozonolysis 


Solvent Time (h) Temp Result 
ethyl acetate 1S) = 10) recovered benzylidene 
methylene chloride 4.5 7.0 recovered benzylidene 
acetic .acid 6 24 low recovery of a mix- 
ture 


Ozone was bubbled slowly through a solution of 
benzy lidene compound b7 (0. 2501.4) 1nsacetic acxdy (10) mt) 
for six hours. Excess ozone was removed and the acid solu- 
tion diluted with water, then neutralized (NaHCO,). The 
aqueous solution was continuously extracted with ether. 

The ether fraction was dried and concentrated to a solid 
(0.082 g). The solid which was mainly one compound (tlc, 
Silica gel, benzene) was recrystallized from ethyl acetate 
Np T3601 40 —. 

Anal’ Calcd for C1 5Hy 90? Cy. alee Hy oc St OUI Ss eG, 
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ess spectrum: “m/é(19-4 31308 called “tor c PS4 2309 


Poet! 
meas (2), 166.0994 calcd for C1 gH Oo: NGG 02 9oSmeas: -(60) :, 


Pre ao) PalawelOorecalrca for CoH, 3, 121.1023 meas (68), 
Onc ep On C2 ey aaa i Ol Can). PSE LOO); soto CG Gyn a7 9 2ONT, 
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The above compound (0.005 g), acetic anhydride (10 drops) 
and pyridine (5 drops) were caused to react at room temper- 


ature for 24 hours. Excess solvents were removed by azeo- 


tropic distillation with toluene to give 0.007 g acetylated 


compound. 

‘ LJ =] 
=* (CHUTE) * TD ve P20), (C=O ‘omran acyclic anhydride) .cm. =; 
nT (GDCL)) * unchanged from above. 


Benzylidene compound 17, solvent and oxidizing 
reagent were allowed to stand at room temperature for vari- 
Ous*periods.” Excess “Oxidizing “agent was’ destroyed “and “the 
reaction mixture worked up in the appropriate manner. In 


all cases unreacted benzylidene was recovered. 


Conditions Used for Oxidative Cleavage 


Reagent Solvent Time (h) Result 
KMnO ,/NaIO,”° butanol 2 recovered benzylidene 
KMnO,/NaIO, pyridine 20 recovered benzylidene 
RuCl, /Naoc1”* methylene 2 recovered benzylidene 
chloride 


0s0,/H05 °° acetone 46 recovered benzylidene 
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2-Acetoxy-1,4,4-trimethylbicyclo[3.2.0]hept-2-ene, 18 

A mixture of ketone 10 (1.0 g), isopropenyl ace- 
tate (1.4 g), and p-toluenesulfonic acid (catalytic amount) 
was allowed to reflux overnight, then excess acetone was 
removed by distillation. The mixture was cooled, diluted 
with ether, washed successively with saturated sodium bi- 
carbonate solution, brine, dried, concentrated, and dis- 


Eigwed.to wive 0.7 fon(59 3), nods acetate 182. ibp 50-522 


Anad.¢§ Calcd) for Cy 5H) 905: ra Oss He O72, 4. Wounds, Cy 


Piero: Hey OA, 
: Re fe -l 
Ce neat): LT CHO) 640 C=O Cun: 


nmr etme (Seine = Cin, yo oS 7 957, OCOCH,), 8.17 


(CCl,) 


C73), 892 (s,, 3% CH SrA EAE (eles CH). 


Ay 
mass spectrum: m/e 194.1307 calcd for Cy 5H) 905, LOA. L300 
Meas) 14746). 7124 C100) 209 (43) oe 4) yO elo 
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2,3-Epoxy-2-acetoxy-1,4,4-trimethylbicyclo[3.2.0]heptane, 
19 

A mixture;of enodyacerate, 28° (0. 7sg)4amechiore: 
perbenzeic)acide(0;65.g) and) anhydrous ,etherm (15 ml). was 
aAllowed.tovstand wat room) temperatures s2Chourse. ,Thelireacs 
tion mixture was washed successively with 10% sodium bi- 


sulfite solution and saturated sodium bicarbonate solu- 
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tion, then dried, concentrated, and distilled to give 0.6 
g (19%) -acetoxysiepoxideys 1. 


Anal. Calcd for Ci 5H) 903: 


Chace): GH 81.68.) oundtasG,, 
Goreme Tf. 714), 
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‘oe Sa hv ity LTO LECH On ccm Cie 


nmr eo Coal(ist, HhewiOCHecakO2 (sia 34) OCOCH 8.79 


pers 3)" 
(St7 Psi; CH) SaaS (er, UG, CH); 20% of an isomeric acetoxy 
epoxides) .6.33)8(Si,)(\OCH)s, ask i (si, OCOCH.), Sis6.8% (CS; CH3), 
S84 O(Sy CH). 


Wass Cspectrum: som/e v2.10). 2256; calicd -Eor +c 20, 1 25.2 


fo peose 
Meas 6 ie Uieaie7)0 13913), 100119) 95111), 821), 
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3-Acetoxy= l,4y4=trimethylbicyclo [32.0 iheptan-2-one, 20: 
The acetoxy sepoxide 19 (0.24 +g) was heated in an 
oil bath at 220° for three hours, then substilled to give 


Opis g)-(62.5%) aceto<y retone 20 pp r18 0 (Ores mm) 


24 
Np 1.4607. 
Paral. Ca bed sEor C4, h- Oo Cye-6 OOH oO Oe houmoces 1C, 


12 1G ao. 
Get6-. HH, 94532 


. M =i 
ix (neat)? 1760 (C=O), 1750 (C=0), 1235 (OCOCH,) em 


nmr 74.36) (S) 1,“ CHOAC) (27.83 1(S77 3, OCOCH 3) , Sul 


(CC1,)° 


S03 Cl. Soc4: 6S) Fo CH), 95:20. {e725 CH). 


3) 
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Formation of acetoxyketone 20-using=s lead@tletraacetate 
AvmiLxture OE Oke tone 110 9(3.95 *g)t/ (lead téetraace- 
tate (14.0%g) peacetic acid” (40m), “and 1,2 )/2-trichloro= 
ethane (80 ml) was allowed to reflux for four days. The 
mixture was cooled and ethylene glycol (2 ml) was added 
to destroy excess lead tetraacetate. The mixture was then 
washed successively with water and sodium hydroxide solu- 
tion (5%). The aqueous fraction was backwashed with ether. 
Tne organic fractions were combined, dried, concentrated 
and distilledstovgive 4.85M%q) (89s.,acetoxy ketone 20: bp 


SsSsilLeptoecosemm) & 


Acvcenpted .Ssomeri zation sof a-Acetoxyketone "20 


Isomerization of the d-acetoxyketone 20 was tried 


by several methods, as summarized in the following chart. 


Esomerization of o-Acetoxyketone: 20) 


Solvent Catalyst Temp Time Result 
ether alumina’ ~ a 8 12h yecovercd 20) 
acetone N*Me,OAc™ 7° a By Tra recovered 20 
methanol ON Hes}? Tienes 26d) recovered 20% 
methanol 10% HCL reflux 2 ew recovercan2us 
methanol 6N H,SO, reflux i ‘ad “mixture of several 
- compounds 
acetic acid ar ee reflux’ Sat. fmexture*or several 
compounds 


*after acetylation 
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3-Hydroxy-1,4,4-trimethylbicyclo[3.2.0]heptan-2-one, 21 


@=-Acetoxyketone (0.41 °¢q), 1LOsuhydrochioric acid 
(20 ml), and methanol (10 ml) were stirred at room temper- 
ature for 24 hours. Methanol was removed in vacuo and the 
reaction Mixture extracted with methylene chloride. The 
methylene chloride fraction was dried and concentrated to 
pave s0.29 g (812) of o-hydroxyketone,. 21. 
=1 


EaeCHCL. |; So40) VCO) 9745 = (C=© em -cie ome 


ee Coly) | Tae OUST CHOP) Garbo 2. (Sack, (ON, D,0), 8.80 
US 553, CH), SS Se i; CH3), Oe ssa CH,). 
mass spectrum: m/e 168.1150 calcd for C1 oH 6 C2" LOSe 5 O 


ee See) LOOM) pare OO )ig COOKED a 2H SO) per 69 el ONS nanos Glee )r, 


23(G3):, AL( 62) 7 39:(26). 


Sulfuric acid =cataly zedsehydrolysisy ofsco—acetoxyketoney 20. 
O-Acetoxyketone =20 (07.5 g), methanol (4 ml) and 
6N sulfuric acid (4 ml) were allowed to reflux for 20 hours. 
The mixture was cooled, diluted with water and extracted 
with methylene chloride. The methylene chloride fraction 
was washed with saturated sodium bicarbonate solution, 
drrvédeand concentrated to an “oil (0.470 g).. The tle of the 
oil showed the presence of two components (alumina, chlo- 
KoOforn). The two components were separated by dry column 
chromatography over alumina. The more polar compound was 
a-hydroxyketone 21 (ir, nmr). The less polar material was 


Ami xture of thres compounds (gqlc; Zonyl E=7 20" °x 3/8", 


4% “ a) 
sri hy 
7 


a 
Fee: 


G2" 
temp program, 180 ml/min; nmr). 


Attempted reduction of oa-acetoxyketone 20 

Wolff Kishner Reduction 

o-Acetoxyketone (0.5 9g), hydrazine dihydrocnilor— 

de) (i. 7g), 85s-hydrazine hydrate (8.4 ml), and triethyl— 
enesgiycol (150) mij were, Neated at 105° for 0.5 hy jenen 
potassium hydroxide pellets (2.9 g) were added cautiously 
and the temperature increased allowing the low boiling 
material to distill. The reaction mixture was held at 
iGS° “for two hours, then “cooled, diluted “with water and 
continuously extracted with pentane for 24 hours. The pen- 
tane extract was washed with water, dried, and concentrated 
GO an oll (0.11 ¢g)i, which was* shown to be a mixturenof | four 
compounds by tlc (silica gel; metnylene chloride--methanol, 


Pie e 


Tosylhydrazone Formation 

arAcetoxyketone (0.192 g), p-toluenesulfonyihy- 
drazines(0.486 9) sulfuric acid, (2drops)),. and’ methanol 
(5 ml) were allowed to reflux under a nitrogen atmosphere 
overnight: The reaction mixture was Cooled, concentrated, 
diluted with water=and extracted with ether. The ether 
extract was dried and concentrated to an orl, which was 
Ssnown to De a mixture Of six, compounds by tlo” (silica gel; 


benzene}. 
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1,4,4-Trimethylbicyclo[3.2.0]heptan-2-ol, 24 

Ketone. 10) (1.62 'g) (atsoddum borohydride (0 40g) e, 
and methanol (100 ml) were allowed to stir at room temper- 
ature for four hours. The mixture was diluted with water, 
acidified (HCl), and extracted with methylene chloride. 
The methylene chloride extract was dried and concentrated. 
A 1.53 g (93%) yield of compound 24 was obtained after sub- 
Pimation «(80° ,-.760%mm):) mp. 46-54 %; 
fiat. Calcd: for Ci 9H 190: Cyd like Op ae ye Lent Ol ee OU CG ean Gn, 
Voices tH, 11.50. 
ix (cyc1,)? 3640, 3480, 1065 (oH) em, 
TOwe sity phys = Io CHOU) 776 AS ly BOky 


Sael COly,) : 


D,0), Ceo (dy, 20 Vi = -9tizy Cho CHOn) , 8 s00 (Sao, CH.) , ook 


2 


(s, 3, CH,). 


mass spectrum: m/e 154.1358 calcd for C19 Hy 29 Jes Pa USiouh 
meas, (160)+)-139%80), 226(43)% Sit (100)%, 97 (24) Fi 295050) aos 
C20) t eo C4) eo 4039) OOS peal 249), 69, C6 Oy Ores On ammo 


(49), 43(43), 41(86). 


Attempted dehydration of alcohol 24 
ons ae iy 5) 
a) Treatment with thionyl chloride 
Alcohol 24 (0.250 g), thionyl chiforrder ¢2amL) , 
and methylene chloride’” were stirred at room temperature 
for four’ days. The reaction mixture was: diluted with water 


and the methylene chloride layer separated. The methylene 


chloride fraction was washed with water, dried and concen- 


) Tait 
i} 
e0) 
\ i : : 
id 
. a0 
otal a r ; | 
| ‘ 
~~ 
‘ é ‘ m4 oo or one) 
4 bittous 
s | 
- Pin © 29 7: Se i ei Da a's 
- ’ , “hy ; ii ; 
= 
i J er) 
4 4 
\ 
7 ¥ ic Sc 
| ‘> é 
i A | b 
A , 
‘ 
n mm 
- + - z j ‘. 
J 0 . 
¥ 
t i 
’ J ; | ; 
1 x . 
ii in 
» | ’ 
‘ f P | 
4 
= . q . 
| j 
‘ ' . 
a “i 
G , 
. Fj ; 
all = = Ss 7. bie me 
\ ‘ ° 
‘ 4h ny 
| aiken } 
oP : 
iv 4 F ‘ tT? F ; : ‘ ° 
‘ ‘ i é Dp, - ; as 
4 | 
t ~ P “ 
+ \~ ‘ » \& s+ | % .) ip; 
7 ee 
.) J | i 
y rine | 2 / a - if LP a | 
x ‘4 Lara 
. a a a a) . 
, f) ¥ Tr fe 
} iy : , 
ub * eae) } qt 
= ’ 4 2 ‘ Pe ‘ 2 ry Re ¢ 4" 9) ny 
. 
- ; | | | 
i ro , } 
f r Dery ) 
f. eh Pe» ano ee ee ee 
| 7 _- ie ~ 


rh a ee Lies fey Saki t)) i) Gee! By pe 
‘ : ' g q he a } i" uF : ~ : * 7 5 fi ‘ i 


i 4 
¢)" ‘ile Lex mt a) acteut as bmi i Be Sha ke a # 
" j ay > 77) » ¥ ’ 


i Necey Kite soak pb ads Heed eb a ¥ i 


See Gale 


Bigs it a 4,43 by. gabe acet wb 


64. 


traced. The orl obtained (0.141 ¢) “was Dechilioroe te 4 4 
trimethylbicyclo[3.2.0]heptane, 25, (tlc, alumina, benzene 


Ke, Oc. of: aicohnor 24 R 


e Op PALO a 


if 


no OH absorption 


peccHe lL.) 
retell) | 
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Similar results were obtained when alcohol 24 was 


treated with thionyl chloride in pyridine?®. 


b) De-mesylation 
AlLconol 24 5(0. 250g), methanesultony | cnloriaess( ) 
mi) ‘and pyridine (2 ml) were reacted at 0° for 24 hours. 
The reaction mixture was diluted with 5% sodium hydroxide 
solution, and extracted with methylene chloride. The methyl- 
ene chloride fraction was washed with dilute hydrochloric 


acid, water, dried and concentrated to give compound. 26: 


(Oreo Jy ois 

Li edt: no OH absorption. 

Myecweds) F i 52082) ee dh = CHONS) ye 7/0 Syms 
Oco, cH), 8.69.5; 3, CH.)t 9-05 Me 67 CH)” 


Compound 26 was stirred with ethanolic sodium eth- 
oxide.overnight, then allowed to reflux for one hour. The 
solution was concentrated to one-half volume, diluted with 
water, and extracted with ether. The ether fraction was 
aried and concentrated to give 0.200 g unreacted mesylate 
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Compound 26 (0.200 g) and potassium t-butoxide 
(0.1 g) in anhydrous dimethyl sulfoxide (1 ml) were stir- 
red at room temperature overnight. The reaction mixture 
was diluted with water and extracted with pentane. The 
pentane fraction was washed with water, dried and concen- 


trated to give. orly unreacted, mesylate, 26 (0.140 g). 


; : . 52 
Seyi Treatment with’ iodine 


PI cohol 220 (0.25 9), LOadme? (lacrystal) sandsben— 
zene. (10 ml) were allowéd to reflux for 48 hours. The 
reaction mixture was cooled, washed with water, 5% sodium 
hydroxide solution, dried, and concentrated. Only unreacted 


abconol” 247 (0.209% Gg) was recovered. 


d) Treatment with anhydrous oxalic hee 


AlcoHol 24 (0.24 ¢) and anhydrous ‘Ooxalicwacrd: (0.12 
g) wexe- heated at 220° for 0.5 hour.. The mixture was 
cooled and diluted with ether. The ether solution was 
washed with sodium bicarbonate, dried and concentrated to 


give O.17°g of a mixture of compounds: (tle, alumina, Dbenz— 


ene). 


] 4, 4-Trimethy lbicycio[3..2.@) hept=2-ene 7.323. 
Tosylhydrazone derivative 27 
Ketone 10° (3.0 ao), p-toluenesulfonylhydrazine 
(6.3 g), and methanol (100 ml) were allowed to reflux for 


24 hours. Excess methanol was distilled, the reaction mix- 
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ture cooled, and the tosylhydrazone which crystallized was 
ecotlected (3.2 g). ‘The mother Liquors were concentrated 
and the residue was chromatographed over silicic acid. 
Elution with chloroform--methanol (100:1) gave 4.3 g tosyl- 


Bye ZOne 2h) 0) Total wield: 37. 5-G8(69'.5%3):,. mp Plt Piso. 
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Bamford-Stevens reaction 

Methyl lithium (1.5M, 25 ml) was added to a cooled 
Seclutvon of Losyinvdrazones2 71 (2.00 9) in ethers (s0emi) 
The mixture was allowed to stand at room temperature 2 
days, then was diluted with ice-water, acidified (Hei and 
the upper ether layer separated. The aqueous layer was 
extracted with ether. The ether fractions were combined, 
washed successively with water, saturated sodium bicarbon- 
ate solution, brine, and dried. The solution was concen- 
Gratea ond the: residual Wiouia distilled to mgave 33 g 


Gettin 233. bpp lis—-120°4 750. mm). 
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Hycracion OL olefin 23 
Oxymercuration-demercuration>” 
Oleting 23° (0 .l4e9q)- in tetvanydrofuran, (0.5 mi) 
was added dropwise to a stirred suspension of mercuric 
geecace (0.52 9), water .(1 my and tetrahydrofuran (i m1). 
Stirring was continued for 24 hours, then sodium hydroxide 
solution (3M, 1 ml) and sodium borohydride solution (0.5M 
in 3M NaOH, 1 ml) was added. The reaction mixture was 
Saturated with salt, filtered, the upper tetrahydrofuran 


Tayer separated, wasied with brine, dried, and concentrated 


Poe. Ve Onry Minreacred.OPrenini 23). 


Hydroboration” 


Borane in tetrahydrofuran (1M, 3 ml) was added 
GroOpwise toa. stirred, scooled olution (055%) ton Gleting 23 
(0.3 Gq) .inv<anhydrous tetrahydrofuran (15 m1)..- After adai-— 
tion was complete, the reaction mixture was allowed to warm 
to room temperature, and maintained at that temperature 
for 2;5°n0ure. Tne SolucLOn was cooled) (0-5), sodium ny= 
droxide solution (3M, 3 ml) and hydrogen peroxide (30%, 
3 ml) were added cautiously and the mixture allowed to stir 


overnignt. The mixture was diluted with water, the organic 
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fraction separated, and the aqueous layer extracted with 

ether. The organic fractions were combined, washed with 

Brine, dried; and concentrated ta give 0.194 g ofta mix-— 

moire OL alconolks, 

iE (cyor,)? 3740, 3480 (OH) em 7, 
tcé-—cold=chromic acid solution?’ (0.5 ml) was added 

EGua cooled solutzony (0-5°) of alcohols (0.07 g)\an ethers 

(> ml). The mixture wasistirred vigorously (for 5 minutes, 

Chen a further 0.5 ml of chromic’ acid solution was added: 

After stirring 15 minutes more, the layers were separated. 

The aqueous fraction was extracted with ether. The organic 

fractions were combined and washed with sodium hydroxide 

Solucion (1.5 M)> water, brine, dried, and Concentrated! to 

give a mixture of ketones. 

ot oat )a 1750 (C=O) em ?, 

Gle analysis of the product showed a 2:3 mixture of two com- 


pounds, the major compound had the same retention time as 


ketone 10° (152 Carbowax 20M ma. ox L/ So. LOC CO my nui) a. 


3-Oximino-1,4,4-trimethylbicyclo[3.2.0]heptan-2-one, 28 
Acid catalysis 
Anhydrous hydrogen chloride was bubbled through 
a solution of ketone 10 (1.0g) in anhydrous ether (50 i 
The gas flow was stopped, n-butyl nitrite (0.7 g) was added, 
then anhydrous HCl was bubbled through the solution for 


15 minutes. The orange solution was allowed to stand at 
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room temperature overnight. The solution was concentrated 
to an oil which contained only starting ketone 10 as shown 


Pyegichanalysis | (LO SePDEAS) © 10" ,x2974") 250°) 60 mi/mind 2 


Basic catalysis 

Isoamyl nitrite (1.2 g) was added dropwise:-to a 
stirred solution of ketone 10 (0.8 g) and potassium enue 
butoxade (1.2 .g) in anhydrous tevc—bucy eal conor yms) 
in a nitrogen atmosphere. The red solution was allowed 
to stir for 20 hours, then was diluted with water, washed 
with ether, acidified (HCl), and extracted with ether. 
The ether fraction was dried and concentrated to an oil 
(0.63 g). Crystallization from ether gave oximinoketone 
207) (027255977263). The mother liquor was concentrated, and 
auportion: (0.16) -q) schromatographed. Over sidi1cagqei 116 ¢). 
Elution with chloroform gave a crystalline compound (0.085 
g), l-methyl-2 (l-methyl-l-cyanoethyl) cyclobutyl carboxylic 
ecid7e29s mp 189-19 2"% 
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3-Oximino-1,4,4-trimethylbicyclo[3.2.0]heptan-2-one, 28 

Ketone 10 (5.1 g) in anhydrous benzene (10 m1) 
was added dropwise to a stirred, cooled solution of potas- 
Srumst-amylater (7.59) (75 ml 6fl0785 N KOLAm in benzene) °° 
in anhydrous benzene, followed by dropwise addition of aly 
any lV nitrite (3.75%g, distilled andtstoredVover! molectilar 
sieve 5A) ~in anhydrous benzene (10°ml). The purple! solu- 
tion was stirred at room temperature for 24 hours. The 
solution,was cooled, and diluted with 5% aqueous HCl. The 
upper Organic layer was separated and washed with satur- 
ated sodium bicarbonate solution. The aqueous fraction 
was neutralized (NaHCO3) and extracted with methylene 
chloride. The organic fractions were combined, washed with 
brine, dried, and concentrated to an oil. The oil was 
chromatographed over silicic acid (200 g) using a quartz 
column and an ultraviolet light to minitor the separation. 
ElUtion® with chloroform (400®ml) gave a crystalline mix= 
ture’ of oximinoketones? (1.2. g)>.0" Further elution*® withschlo- 
rororm gave a crystalline oximinoketone: (3°56 9g); -mpel28- 
iSIS5c8. Fyotaievield of Oximinoketonel wastes segit cOe}s, 
Aral. Calcd’ for Ci Hy 5NO>: COG 275. His. Dat 28 7i7S% 
POUnds "CC, OSe02 sH GVO 4G INGA 7250. 


1740 (CSO, 1630 (CaN 
A (cuen,) aie 356.0398 360: GOH); (cage, (C=N) 
om; b) 3200 (NOH), 1690 (C=0), 1580 (C=N) cm. 
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Oximinoketone 20 (0 n09G eg), tpbuty Meal conol pe2iiml), 
and 10% aqueous hydrocnloric acid (10 ml) were allowed to 
stir at room temperature for one hour. The solution was 
extracted with metay Lene schlowide, «dried,and concentrated 
LO Guve-oximinoketone 28 (0.090 .g). 

Oximinoketone 28 (0.060 g), potassium hydroxide 
(iepeliet).,..and anhydrous,t-bucyl alcohol s(10 emis) were 
stirred at room temperature for 24 hours. The solu- 
tion was diluted with water and extracted with methylene 
chloride. The methylene chloride fraction was dried and 
concentrated to give oximinoketone 28 (0.040 g). The 
aqueous fraction was acidified and extracted with methyl- 
ene chloride. The methylene chloride fraction was dried 


and concentrated to give a mixture of oximinoketone 28 and 


acid nitrile 29 (0.020 g). 


3-Oximino-1,4,4-trimethylbicyclo[3.2.0]heptan-2-ol, 30 
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Sodium boronydride (0.050 g) in water (2 ml) was 
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added dropwise to a stirred solution of oximinoketone 28 
(0.226 g) in dimethoxyethane (8 ml). After addition was 
complete, stirring’ was continued for 30 minutes. The solu- 
tion was diluted with water, carefully acidified (HCl), 
neutralized (NaHCO), and extracted with methylene chloride. 
The organic fraction was dried and concentrated to give 
Orr nid .(T00s) mol arcuystal ne woximinoe talcohol,))21 30 imp 
Goes 2y05° 
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Parone AiCalicdssor C H, NO 
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mecHoLs) So0T so 00F— 1670 (NOH, OH) , ESO TOW, CaN) cme. 


nmr Too. CoS) LECH Ol)i eS. COn (Si guns7 CH), 8.65 


nel. 
(Sino, CH), SL C4 Seo, CH); a small quantity of another 
epimer was present as shown by signal-at 15.50 9(CHOH):. 
Masssspectrum: jmi/e (Ma -OU) too 23) calcd, for Ci gly ,6NO- 
£66 01235 rosy es etree ual aie! PA 2) LOO desma mye) bynes 


C22) 726 THAS) 7) OL C2104, COM LOO) Gu S557 i os (2 Eee eee 


3-Acetoximi no-7d,4,4-trimethyibi cycilope. 2.0)}iheprana2>01;> 31 


Oximinioalcohol, 3020.a%g)., benzene-(l, m1)7° pyridine 
(iadrop)s “and acetic anhydride (0.14 g) were heated any an 
Olds bath at. 652° for) one, hotins) . Thetmixturéiwas Concentrated 
by azeotropic distillation withi benzene, dried in vacuo. to 
give acetoximino’ alcohol. 31:.- mp 89.5-90.5°. 

Anal. Caled for C5 9H) NO3: CF 63.79 S50 4 |» vo Ore Ny ee oe 


Pond. “CC, 63.9 Un ay (os 02h nN, 6 .cke. 
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To. a0 (leg ea, Crom; mos 20s Coie tr OH D Oy 7252 


fCDET A) 2 
eo ee OCOCH,), Bc OOUN Sy OF CH,), BOO wr Se CH,). 
mass spectrum: m/e (M+=OAc) 182.1181 calcd for Cio Hy gNOo, 
Demers meas 2)" 165.(6)% 506) de Laon) 1390) ar oo 
a). LON(39)", LOT (28) 4 "97 60) 7" 95:34). B2R30NFs ele)’, 
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ACLempred! TOrmaction Of ACetoximino “acetate 43 2a 
Oximinovalcohnol 30> (0-1250g) ,; acetic (anhydride 

(Or ZieG)), DY FLorne (Ovo oye anc benzene (2 ml) were heated 
iy an O11! bath (65°) for 0.5) hour. ~ Excess ‘solvents were 
removed by azeotropic distillation with benzene and the 
Yestdudl dil “OST S3" g}* was draeur in’ vacuo. = Thissollewas 

a mixture of "two compotnds (tice * silica*gel, chloroform 
Methanol). " The 1s and-nm Spectra were consistent with a 


mixture of acetoximino acetate 32a and cyanoaldehyde 33. 
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(C=0) aie 

4 
EP EMGDOL 2) Tis. oS, (Sy CHO)", Gea) ton CH,), Sev Cay CH); 


4.06 (s, CHOAc), 7.82 (s, OCOCH,), 7.85 (s, OCOCH,), 8.62 


Pen 77 (SCH: 
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Attempted formation of acetoximino mesylate, 32b 


Acetoximino alcohol Shy (Oe l225 G)i, pyridine \(2 
drops), methanesulfonyl chloride (0.098 gG) pand benzene, (1 
ml) were allowed to stand at 0° overnight. Excess solvent 
was removed by azeotropic distillation with benzene and 
the residue (0.150 g) was dried LO eV eGo. elo Cea t ae nmr 
Spectra of the residue ,are consistent with a mixture of 
acetoximino mesylate 32b, cyanoaldehyde 33, and acetoxim- 


ino alcohol Giles 


Attempted reduction, of acetoximine alcohol 31 with chromous 
peecace 

Acetoximino alcohol (0.4 g), tetrahydrofuran (6.4 
ml), chromous acetate (1.6 g) and water (2 ml) were heated 
at 65° in a nitrogen atmosphere for 36 hours. The mixture 
Was-al lowed. to cooL,.diluted with water, 011 tered; sand 
extracted with methylene chloride. The methylene chloride 
fraction was washed with, 10% snydrochloric .acid, saturated 
sodium bicarbonate, water, then dried and concentrated. 
Analysis of the residual oil by glc--mass spectrometry 
showed a mixture of eight compounds; three minor compounds 
had: armolectiLar.ion.of 152... Thestrvandvnmrwspectra are 
consistent with impure cyano,.aldehyde. 
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Attempted reduction of oximinoketone, 2888 


Oximinoketone (0.291 .g)),. hydrazine hydrate (852, 
1 ml), and diethylene glycol (50 ml) were heated at 70° 
OVernignt, then at 145° for two hours. The mixture was 
allowed to ‘cool, di-buted with water Pacidiftied (HCl), and 
extracted with pentane. The pentane fraction was dried, 
concentrated (0.164 g), and chromatographed over alumina 
(10 g). Elution with chloroform gave crystalline oxime 


P0057 Go) 1 21s)\: 


SrO-2mino-1), 4, 4—-trimethy loicyvclo[3.2.0]heptane 34 
AUWixture of Oximinoketone 28 (0.760), hydrazine 
nyvdrate (chs, 0.236 mL) > potassium Aydroxide, (0.3 4)5 and 
etinlene “qiycol) (1s mi) was Nheacedvat: 150° for, four hours. 
The reaction mixture was allowed to cool, diluted with 
water, acrdmfieds (HCl) >" neut rakyzed (NaHCO.,), and extracted 
with pentane. The pentane fraction was washed with brine, 
dried ,and* concentrabed® to give* 0.5709 “(Sle ae)" crystal— 
lane. "oxime 134; Sanpe dea bons... 
Ana liicCaled? for Cy H17NO: Cri, Celie ee Ore epee 1 
PONG: O81. C,(I71eS 342 ,PLOTS6 Ft Ny... 
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Observed Chemical Shift (t) on Addition of 


Eu (DP!) , to Oxime 24 AO V01G 7 7g) in CCl, Creme) 
ae Re Re ee ge ee ey ce Wee Shy ae es 


mg Eu(DPM) , CH, CH, C(CH) 5 
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mass spectrum: m/e 167.1310 calcd for Ci oH NO, TiGei lego 
MeOGeu) ss Loo Sy S238) 77 50435). 9 1 SCG) 254.5 3)a, 
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Oxime 34 (0.430 g), dimethoxyethane (8 ml), water 
(4° mi) “and” titanium trichtoride tl. 514eq@, 8sulemlh) tweresat— 
lowed to reflux 15 minutes. The cooled solution was diluted 
with water and extracted with methylene chloride. The methyl- 
ene chloride fraction was wasned with sodium bicarbonate 
solution, dried and concentrated by distillation at atmos- 


pheric pressure. 
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mass wpectrums: m/e i152:120) ‘caled “for Ci oH 6° BO2SL203 
meas.(2),, 473083) , 8670100), 45(96), 42°19), 41(20). 


2,4-Dinitrophenylhydrazone derivative: mp 169-171.5°. 


N-Cyclohexy1-3-methy1-3(2'-methylcyclobutyl)butanamide, 36 

Ketone 10 (1.0 g), cyclohexylamine (freshly dis- 
tilled from barium oxide, 0.5 ml), and anhydrous benzene 
(150 ml) was irradiated in a pyrex vessel with an immers- 
ike ymercurywvapor lamp ((2:50! Wp Hanovilaimed “pres Stor 924 
hours. During this time, oxygen was continuously bubbled 
through the photolysis mixture. The solution was concen- 
trated. The residue was dissolved in methanolic ether and 
Sepanpated imtoimeutwal (0'5iig)- Sand acidie (0.2"g)firac— 
tions. The acidic material was a mixture of several com- 
pounds: (tic paluminay: ‘chloroform=—-methanol). “The neutral 
material showed several compounds (tlc, alumina, benzene), 
one being present in major amount. The neutral fraction 
was chromatographed over aluminum oxide (BDH, 20 g). Elu- 
tion with benzene gave 0.26 g of crystalline compound 36: 
TNp1S5=56 %. 
Anal, Caicd tor Ci gHaQNO: Gon 44 ssh Gser NO eon 
Hounds. . C,e 765 30H {1 449 Ne 40 
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i : 1 hy 6501 (C=O) om *. 
vemcHCn) 3430\ e(NH) .,. (6,70, Sh, ( ) 


Beebo le, 7 456° (Dr S,-19) 6. ou Or Wp La, oe Oe og ey CH.CO) , 


Bee (syeBtyx CH, ) 0.94 OS(s, I, 1CHLge 


oa 
mass spectrum: m/e 251(5), 2385120) y, 2O00K4)., ASS) 282566) 7, 


WS. 


Uat423), 712606) 9d 11019) , 698404) 7683436) , 469489), 4600100), 


SOI uae GLA A491 52).. 


1,4,4-Trimethylbicyclo[3.2.0]heptan-3-ol, 2u, 

Oxime 34 (0.320 g), dimethoxyethane (6 ml), water 
Koni)» tandjititanium: trichloride. (2.3-ml). were: heated at 
#i10° ..for 15 mainutes..,.The: reaction. mixture.was-cooled, 
diluted with water, and extracted with methylene chloride. 
The methylene chloride fraction was washed with saturated 
sodium bicarbonate solution, dried, and the methylene chlor- 
ide removed by distillation. Sodium borohydride (0.1 g), 
sodium hydroxide (2M, 1 ml), and water (1 ml) was added to 
the reaction mixture. After 24 hours the solution was 
diluted with water, acidified (HCl), neutralized (NaHCO,), 
and extracted with methylene chloride. The methylene 
chloride fraction was dried and concentrated to give alco- 
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mass spectrum: m/e 154.1358 calcd for Cy Hy 99 154.1360 
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Bate Gs 72(37), ( FOLOOV SE 6O(B0) ; 5526) 5 43(40), 41(40). 


Attempted Beckmann Cleavage of oxime 34 

Oxime 34 (0.250 g) in ether--benzene (4 ml; 1:1) 
was added dropwise to a stirred solution of phosphorus 
pentachloride (0.320 g) in ether--benzene (4 ml; 1:1). 
The mixture was stirred at room temperature for 24 hours, 
then diluted with water. The organic phase was separated 
and the aqueous phase was extracted with methylene chloride. 
The combined organic fractions were washed with sodium bi- 
Carbonate solution, dried and concentrated. Crystalliza- 
tion from ethyl acetate afforded 0.220 g of a crystalline 
compound of unknown structure: mp 186-187°. 
Enel Caled) for ©, 4H, .NO7 Cl): 1 C, 50.85 ;0H, 16.40) 
HOUNGh aC e500 Orr Hl On Ja. 
veikeisrsnae ys 3800, 31507. 16700 (C-0) 71655 7 Soor soo, 
1340, 890 cm?. 


nmr Troost (OT Mis al) wore wate O), CH), 8.48 (s, 


(epel.). 
3, CH,)%, 8.80 (s, 3, CH). 


. 35 
mass spectrum: m/e 220.0296 calcd for CgH,,NO Clo, 


2207020) ‘meask LF) yal 705)) 4 Lady) ee 9G ae O0) ae, 
Sa)oy 41 (26).. 


+ + 
Chemical ionization: (M+ + NH, J 253i. ae 25 ee 2, 


2-Isopropenyl-l-methylcyclobutane acetic acid, 39 


Oxi mer oae.(0.873 )> an. anhydrous benzene-(5° m1)" and 
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anhydrous ether (5 ml) was added dropwise to a cooled, 
stirred suspension of phosphorus pentachloride (0.560 g) 
in anhydrous benzene (5 ml) and anhydrous ether (5 ml). 
After addition was complete, the mixture was stirred 
St~mcoom temperature for six hours. The reaction mixture 
was, diluted with cdéld sodium bicarbonate solution and the 
Organic layer separated. The aqueous fraction was washed 
with methylene chloride. The organic fractions were com- 
bined, dried,and excess solvents removed by distillation 
through a 20 cm column packed with glass helices. MThe pro- 
auct was analyzed by glc-=mass spectroscopy. (Zonyl E-7)10:' 
S93 704,, 10° aeh20iml/min)s. our products were “fermed. 
Myesmajor Component has a molecular ion of m/e 149" ) The 
three minor components had apparent molecular ions of 
Mier l52 27149, 1168s.) Their and nmeyspect ra jof thesreaction 
mixture showed seconitrile 38 to be the major product. 
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i : 5 890 (C=CH cm 
3 (énci.» 2250 aC iy 16507 390-2 ( H,) 


nmr tT 5.10 (m, 1, C=CH,), 5.23 (m, 1, C=CH,), 8.33 


(CC1,) ° 


(Se-s73---C=C-CH 8.64 (s4 3° CH 


3)" BV 

Impure seconitrile 38, potassium hycroxide (0.300 
g)eand ethylene glycol (10 ml) >wene, heated ac e200 for 24 
hours. The mixture was cooled, diluted with water, and washed 
with methylene chloride to remove non-acidic material. The 


agueous fraction was acidified (HCl) and extracted with 


methylene chloride. The methylene chloride fraction was 
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Separated into strong acid and non-acidic material by ex- 
traction with sodium bicarbonate. The acidic material was 
recovered from the sodium bicarbonate solution by acidifi- 
cation (HCl), extraction with methylene chloride, and 
removal of solvent. Secoacid o? »(07324%g)/169%) was Ob-— 
tained as an oil, bp 108-110° (0.5 mm). 

heats Caled f£OnIG. .H..0 GC, WAARES Deer 99459 s 


1 =o 
Hound. 2C, (700477 HS.92485 
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Cis-2-isopropenyl-1l-methylcyclobutaneethanol (Grandisol), 1 
Secocarboxylic acid 39 (0.11 g) in anhydrous benz- 
ene o(2)«ml). was «added dropwise ‘to “a%stirred solution of 
sodium dihydrobis (2-methoxyethoxy) aluminate (0.24 g) in 
refluxing benzene (10 ml). The solution was allowed to 
reflux one hour, then excess benzene (6 ml) was removed by 
distillation. The solution was cooled, and unreacted hy- 


dride destroyed with 10% sulfuric acid. The aqueous frac- 
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tion was extracted with methylene chloride. The combined 
organic fractions were washed with sodium bicarbonate solu- 
tion, dried, and concentrated. Molecular distillation of 
Ene ;CONcentrace Gave 0.05 G4, 502 Of Grandisol, lee 
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eC iy 2) 
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Cots), 3 , C=CCH3), Seco eyass CH). 
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Solvolysis of compound 26 

Compound 26 (0.69 g), anhydrous sodium acetate 
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reflux for 24 hours. The mixture was diluted with. water, 
neutralized to pH 6 (KOH), and extracted with methylene 
chloride. The methylene chloride fraction was washed with 
sodium bicarbonate solution, brine, dried, and concentrated 
to give 0.291 g of a mixture of compounds. Analysis by 
glc--mass spectroscopy (Zonyl E-7,10' x 3/8", temp prog-~ 
ram, 45 ml/min) shows a mixture of 12 compounds. The com- 
Ponds, listea in order of increasing retention time, have 
the following apparent molecular ions: i) m/e 134, ii) m/e 
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Sodium borohydride reduction of o-acetoxyketone 20 

Ssedium borohydride (02025 ¢) “in water) (ll) mljawas 
added dropwise to a stirred solution of a-acetoxyketone ZO) 
(0.1 g) in dimethoxyethane (4 ml). The reaction mixture 
was stirred at room temperature for four hours, then di- 
Marea wlth water, ~acidriLled (diisHCl)| and extracted’ with 
methylene chloride. The methylene chloride fraction was 
dried and concentrated to give a 3:2 mixture of acetoxy- 
alconols {0.120 q).; 
=-1 
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3 ay #3 typed = Wain CH3), S97 (Sy, oy CH,), OOPS. 6, CH,). 
This mixture could not be separated by tle (alumina or sili- 


Ga gel) or by gle (15% Carbowax 20M, 20% SE-30, 33 OV-17, 


LOe7Or-1). 20% Zonyl Bos}. 
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anhydrous ether (2 ml) was cooled in an ice bath and ice- 


G02, Chromicrachd Sola cuore 


(0.4 ml) was added dropwise 
with stirring. The mixture was stirred vigorously for ten 
minutes, then diluted with water. The aqueous layer was 
separated and extracted with ether. The combined ether 
fractions were washed successively with sodium bicarbonate 
solution, water, brine, and dried. Concentration in vacuo 
gave a mixture of acetoxyketones. 
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(200) 
peer(s 33 0 CH 
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Stee Sh lal 0. OSs (Soy CH); 


3) 4 3) 1 
t 4.74 (s, 1, CHOAc), 7.90 (s, 3, OCOCH,), 


ee ais, OH 899) (5) oo, mel. )y. 


Szerono~,4,4-teramethy bieyclo| 3.2/0 heptanzZ=-one, a1 
Ketone 10, (0.5 g), pyridinium hydrobromide per- 
bromide (0.92 g), acéticracid (5 ml) and chloroform (70 
ml) were stirred at room temperature for three hours. The 
mixture was diluted with ice-water, neutralized (NaHCO,), 
and extracted with methylene chloride. The methylene 
chloride fraction was washed with dilute hydrochloric acid, 
sodium bicarbonate solution, brine, dried,and concentrated 
to give a-bromoketone 41. Compound 41 was purified by 


distillation. Yield 0.5 q, (76%). bp 74° 40.25 mm). 
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The antibiotic actinobolin was first described by 
Haskell and Bartz?. The compound, isolated from an anti- 
biotic beer cultured by Streptomycetes griseoviridus var. 
abroraciens’ possesses broad spectrum antibiotic activity 
and has demonstrated value as a chemotherapeutic agent in 
certain types of neoplastic diseases**, Ene LOO) Munk 
and co-workers, using a computer program aS an aid to eval- 
uate the structural implications of experimental data, 
determined that the structure of actinobolin was as shown 
3a,b 


for compound 1 Acid hydrolysis of actinobolin gives 


: : 4 
aybasicsfragment, actinobolamine,2 . 


HO NHCOCHC H~-OH 
= HJ Bar 
NH, no 
LI ee 
H H.C. ve 
1 : “~N 
if OH , 


To date no synthesis of actinobolin or actinobolamine has 
been reported, although two similar reports of the synthe- 


5a,bD 
sis'of 6-azabicyclo[3.2.lJoctan-3-one, 3, have appeared pe 
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An attractive intermediate towards the synthesis 
of actinobolamine 2 is the tricyclic compound 4, 6-methoxy- 


$48) nonane. This com- 


BsOu0n2-azZd=- /=Oxatricyclof4. 22m.0 
pound could be transformed to actinobolamine by addition 


Ofrayetwoecarbon unit: at C=3 followed by acid hydrolysis. 


OH 
OVOCH3 ay. ae 
1 Zi ae 
H O H Say Wak 


4 H 


Nn 


The stereochemical outcome upon acid hydrolysis of the tri- 
CveliCroystem, 4 siould be such that in ene product. four 

of the five consecutive asymmetric centers will necessar- 
iay ibave, the correct configuration. | in addition,. 1h. tne 
tricyclic compound 4 contains a potential carboxyl group 


ae c-57.1tawould be a possible precursor (£o actinobolin 1. 


QO OCHs 2 OCH; 
ACO tr ¢ CO Ht 
Sone SS 2H pene: 
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One route to the tricyclic compound 4 is through 
a Diels-Alder reaction of 2-methoxyfuran. The adduct must 
NWave-an endoVSubstituenc onthe "sade -opposrce “tothe bridge= 
Head methoxyl, i.e., a”*compound of the” following general 


Structure. 


C3 


This thesis will describe our attempts to obtain 


such an adduct of 2-methoxyfuran. As well some prelimin- 


ary efforts directed towards the formation of the tri- 


cyclic compound 4 will be reported. 
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The diene, 2-methoxyfuran 5, has previously been 


eee, 6a 


prepared by two different routes Amstutz and Petfield 
treated methyl 5-bromo-2-furoate with sodium methoxide to 
form methyl 5-methoxy-2-furoate. Subsequent saponification 
followed by decarboxylation gave 2-methoxyfuran in 10 to 


7a,b 


36% yield. Wilson and co-workers have obtained com- 


1.NaOH 


NaOM p ‘Cu fi 
> [ \\ 2 ainome f \ 

Br CO2CH3 HxCO’ No” “CO2CH3 OQ~ ~OCH3 
5 


Pounds Hyine 512: yield, by acid=catalyzed. pyrolysis» Of; 2,07 


dihydro-2 ,5-dimethoxyfuran. 
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H{CO™ S97 ~OCH3 O CH3 
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We prepared diene 5 by acid-catalyzed pyrolysis 
of commercially available 2,5-dihydro-2,5-dimethoxyfuran. 

Initially the diene was elusive. The distillate 
from the pyrolysis, reaction contained starting material, 
2,5-dihydro-2,5-dimethoxyfuran, and products, methanol and 
2-methoxyfuran. Attempted separation by distillation gen- 
tally led to polymerization.) However, 2© povh the bath 
temperature and the rate of addition of compound 6 were 


controlled such that the temperature of the distillate did 
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not rise above 90°, this problem was avoided. No Starting 
material was present in the distillate. It was found that 
2~methoxyfuran is sensitive to acid and to oxygen. If all 
the methanol was not removed, compound 5 polymerized when 

stored in a nitrogen atmosphere in the cold. Therefore we 
found it most expedient to use freshly prepared 2-methoxy- 
furan. 

Certain generalities concerning the Diels-Alder 
reaction of furans® may be drawn from the results of the 
numerous investigations in this area. Furan and a dieno- 
phile undergo a [4+2] cycloaddition reaction to form a 
bicyclic molecule. Less reactive furans, where longer 
reaction times and higher temperatures are required, give 
rise to exo adducts. In contrast, with more active dienes 
and in reactions at lower temperatures, predominately endo 
adducts are formed. However, the reaction is seldom stereo- 
specific as demonstrated by Stockmann?. He showed by hypo- 
todite tritration of the Diels-Alder product, that the 
exo-furan--maleic anhydride adduct contained 5 to 6% “of 
the endo isomer. Other workers have obtained similar re- 
sults with the furan--maleimide system’?, Endo addition 
is favored kinetically but the adduct usually isomerizes 


to the thermodynamically more stable exc adduct. 
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2-Methoxyfuran is not much more reactive a diene 
Chan, furan itself. Adducts with such highly reactive di- 
enophniles as maleic anhydride/’@, fumaronitrile/@, and di- 
methyl acetylene diearboswlace have been reported, but 
the stereochemistry of the products was not clarified. No 
adducts of 2-methoxyfuran with monosubstituted dienophiles 
have been reported. 

The stereochemistry of Diels-Alder adducts can be 
derived from an analysis of their nmr spectra. Laszlo and 
R. Schleyer?? have studied the nmr spectra of a series of 
norbornene derivatives. The coupling constants observed 
for the compounds studied are summarized on column two of 
the following table. Gagnaire and Payo-Subizal? have 
studied the nmr spectra of 7-oxanorbornene and derivatives. 


The coupling constants observed are summarized in column 


three of the following table. 
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Observed Coupling Constants 


of Norbornene and 7-Oxanorbornene Derivatives 
ee ee ee ee OE ee ae Civico Gave Si 


2 aa 
3p 
Vicinal Protons Observed Coupling 
(exo=x, endo=n) (cps) 1? (cps) 73 
oie 5. 00 20 = 
Sus i (Ty) Dra 123 0 =e 
rs. >. Otte. 5... 0 Ag rm ues 0 
pctigal erally : ° 
“i bahar (R=H) | SOMO. 2 ale re hee! 
“sini Sess aae WG, ¥/ 7 
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Geminal Protons Observed Coupling 
Ue seach L233) alse — 


The multiplicity of the bridgehead proton (H-l, 
H-4) snould indicate the stereochemistry of the Diels-Alder 
adduct. The nmr spectrum of angadduct scontaining an ¢xo- 
substituent should show the bridgehead proton as a doublet 
(small coupling to vic-olefinic proton, zéro coupling «to 
vic-endo-proton). On the other hand, ,the nmr spectrum o£ 


an adduct containing an endo-substituent should display the 
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bridgehead proton as a doublet of doublets (small coupling 
corvic-Oletinic proton, large coupling to Vic-exo-proton)” 
The stereochemistry of the Diels-Alder adducts of 2-methoxy- 
furan was assigned on this basis. 

We have reacted 2-methoxyfuran with several mono- 
and a,a-disubstituted dienophiles. When 2-methoxyfuran 5 
was reacted with acrylonitrile in anhydrous benzene at room 
temperature, a crystalline compound, mp 78.5-79.5°, was iso- 
Laced arteratour days ss)iheeirtspectrumcor the compound 
shows non-conjugated nitrile absorption at 2245 em? and 
C=C absorption at 1610 cmt, The nmr spectrum shows the 
bridgehead proton as a doublet of doublets at t 5.04 (J = 
2,4.5Hz), whereas the proton geminal to the cyano group 
appears jas «ai gquartetywatrte734 (de relepis8hz)y oo This “data 


is consistent with the formation of compound LES 7B or eC. 
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In order to determine which stereoisomer had formed, 
the 2-methoxy furan--acrylonitrile adduct was hydrogenated 


over 5% palladized charcoal. 
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Pd-C 


The crystalline compound obtained (mp 87.5-88°) shows non- 
Conjugated nitrite (2245 em +) im tts “infrared "spectrum: 
ie umr spectrum snows no olefinic protons. The patagas 
head proton is a multiplet at t 5.48, whereas the proton 
geminal to thé nitrile appears “as “a ‘quartet att 7207: 

Fraser! 4 has studied the chemical shift values of 
a series of bicyclic Diels-Alder adducts and their hydro- 
genated products. He found that on hydrogenation the 
"absorption frequency of protons (exo) which lie above the 
plane of the double bond are snifted upfield whereas a 
dowirtielo Shitt 1s experrenced ‘by protons (endo) *whiensiae 
in the plane of the double bond". 

In'our case, the proton geminal to: tne cyano group 
resonates at t 7.34 in the methoxyfuran--acrylonitrile 
adduct. Hydrogenation causes a downfield shift in the nmr 
Soectrum co t 7.07 L£OLr thls proton. lines" thewsrrNcruLerod 
the hydrogenated compound is 8 and the 2-methoxyfuran-- 
acrylonitrile adduct must have structure 7B. Purthier sup- 
port for this structure assignment 2s" avatlanie™trom=spin- 
spin decoupling experiments of the methoxyfuran--acrylo- 
nitrile adduct. Double irradiation at 497Hz (t 5.03) does 


not change the quartet at 1t 7.34. This eliminates the pos- 
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Sible structure 7A, Since the quartet observed for the pro- 
ton geminal to the cyano group should collapse to a doublet 
in this compound. 

We nad hoped that a mono-substituted dienophile 
with a bulkier activating group than nitrile, might change 
the orientation such that the functional group in the ad- 
duct would be on the side remote from the methoxyl group. 
When 2-methoxyfuran was reacted with methyl acrylate at 
xoom “temperature, a-product ‘could “be rsolated after six 
days. The ir spectrum of the product shows ester carbonyl 
absorption at 1740 om * and an isolated double bond at 
ror ent The nmr spectrum displays two olefinic protons 
(mes eran 3. 76)¥, tWwO MetnOxyl singquers (°6.57, 0.45), tie 
Priauenead proton as ‘a doubteo oF doublets (1 7s.20) aud a 
TOWwEre.a methine <7 0S quartet)...” ' As well, Ya small: amount 
(less than 10%) of another stereoisomer is present. 

Hydrogenation of the methoxyfuran--methyl acrylate 
adduct led to isolation of a single stereoisomer. The nmr 
spectrum of ‘this ‘compound shows “a multiplet tet 5.58 for 
the bridgehead proton, two methoxyl singlets (1 6.24, 6.43} 
and a lowfield methine (t 6.80). 

In the nmr, the proton] geminal to the carbometh- 
oxyl group of the adduct shifts to lower field upon hydro- 


genation (from tT 7.03 to 6.80). Thus the stereochemistry 


of the hydrogenated adduct was assigned as shown for com- 
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pound 10 and that of the Diels-Alder product as shown for 


compound 9. 
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Very little Diels-Alder adduct was formed after 
several weeks when 2-methoxyfuran was treated at room tem- 
perature with benzyl acrylate, ethyl propiolate or propiol- 
amide. However, when compound 5 was reacted with (excess 
SthylLepropiolate at.~L10° for 18 hours. a mixture ‘of pro- 
ducts was obtained (glc). The major component was isolated 
byepreparative glc (SE-30). Thefarispectrum shows absorp- 
tion. bands of a hydroxyl group, (s8600,. 3350 emt), a methoxyl 
(2840 a) and-an fester earbonyl (1720 em +). The nmr 
Spectrum displays an ethyl group (1 8.67 £,) S263) qa), a 
Metnoxy i (1 6.23) ,~aehnydroxy) (5 4.00) and three aromatic 


protons (1 2.75, .3.10,, 3416)... This asreonskacont wrt the 


formation of either compound l1A or compound 1185. 
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11A 11B 


Saponification of the methoxyfuran--ethyl propiol- 
ate mixture led to isolation of a crystalline acid, mp 150- 


152°. The melting point reported for. 2-methoxy~-5-hydroxy- 
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benzoic acid is 155-156° whereas that reported for 5- 
methoxy-2-hydroxybenzoic acid is (eed Gone Esterifica- 
tion of the crystalline acid with diazomethane gave a 
single methyl ester (ir, nmr). -It seems; therefore, that 
Piekacid Obcained upon, saponification of the Diels-Alder 
reaction mixture was 2-methoxy-5-hydroxybenzoic acid. Thus 
reaction of 2-methoxyfuran and ethyl propiolate gave com- 
pound lla which was formed by aromatization of the Diels- 
peer adduct.  “Aromatization Ghvadducts of substituted 


furans have been used as a method to synthesize substituted 


‘ 16 
aromatic compounds 


Methoxyfuran also reacted with o,a-disubstituted 
dienophiles. When compound 5 is treated with a-chloro- 
acrylonitrile at room temperature, a crystalline adduct, 
mp 62-63°, is formed after two days. The ir spectrum of 


the adduct shows absorption bands for a methoxyl group 


1 


(2850 ee) and nitrile (2250 cm ~).° The nmr spectrum dis- 
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plays two olefinic protons (t 2.60, 3.60), a bridgehead 

proton (1 5.01, d of d), a methoxyl group (t 6.23) and two 
methylene protons (1 6.86, 7.96). The multiplicity of the 
bridgehead proton is consistent with either structure 12A 


on 228. 


Cl UCN rogis O OCH; 
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in ‘compound 12 the “geminal chloro “andenivtrise 
groups iad the "undesired™ orientation. “We thougnt that 
transformation of these groups to a carbonyl might allow 
us sO Eunetionalize Che bicyclic ‘compound at C=5. Since 
adducts of a-acetoxyacrylonitrile are readily hydrolyzed 
to ketones, this dienophile was reacted with 2-methoxy- 
furan. After one month, a crystalline adduct had formed. 
The multiplicity of the bridgehead proton in the nmr spec- 
trum /of the adduct (1° 5.05. ad o£ d) “established thesfor— 


mation of compound 13. 
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Catalytic hydrogénation of "the’ methoxy furan-— 
acetoxyacrylonitrile adduct gave compound 14. The chemi- 
Cali shite of the acetoxy! ‘methyl any the nmr, appears at T 


7.84, 0.09 ppm downfield from that observed for compound 
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Por 7.93). Using Fraser's ene Nee we assign the 


stereochemistry as shown for compound 14 and compound 13. 


OCH3 M-OCH3 
xP Enis N KOH Z 
Pd-C meOHe 
OA 15 
14 . 


Hydrolysis of compound 14 gave a high yield of 1-methoxy- 
7-oxabicyclo[2.2.1l]heptan-2-one, Los | ne lbicyclicekte tone 
shows carbonyl absorption at 1760 cm 7 in, 1ts infrared. 

The nmr spectrum displays the bridgehead proton as a broad 
eriplet (tT 5.26).,-a methoxy? methyl (1 6.50), and methylene 
Peocons Vicinal to.a-carbonyls (t 7.52, 7. 70) 

Prolonged) treatment Of ketone U5) withs pyrrolidine 
did not give an enamine. Attempted formation of an a- 
kecoacid by reacting ketone 15) with methyl. magnesi umicar— 
neneone was unsuccessful. 

All products of methoxyfuran with mono- or a,a- 
disubstituted dienophiles gave products in which a substi- 
tuenti{s) was vicinal, to. the bridgehead methoxyl.  Thaese 
results can be rationalized if one considers the mechanism 
of the Diels-Alder peat ions on It is generally con- 
eedea, = that the Diels-Alder reaction is a concerted 
reaction which is controlled by orbital symmetry??? , How- 
ever, these considerations have not given a completely 


satisfactory explanation for the orientation phenomena of 


unsymmetrical dienes and dienophiles. Recently, Deslong- 
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18 
champs “ has set forth a set of postulates which allow 


one to predict the orientation of the adducts from unsym- 
metrical dienes and dienophiles, and which lead to a cor- 
rect explanation of the orlentation observed. 

Vine Proposition is: a) The Diels-Alder reaction 
is a one-step process but with an unsymmetrical transition 
Stace. This simply means that inhithe transitiron’state, 
one bond (o-1) is almost completely formed while the other 
POUL (0-2) )kS in, the) process’ to be formed. 

b) The lowest energetic tran- 
Sition state will be the one which will permit the largest 
electronic delocalization only on the bond in the process 
Roebe formed (o-2). “Whus,ssubstituente™ boty any the dieno- 
phile and in the diene will have a role to play in decid- 
imguwmvch "carbons will be involvedsan thei o72, boude and con] 
sequently will determine the lowest transition state." 

The application of such simple principles enapte 
us to predict the stereochemical orientation, of the Drels— 
Alder reaction with 2-methoxyfuran. For example, tewo. tran 
Sation states (A and B) are possible for the, 2-metnoxy fturan-— 
acrylonitrile’ adduct. . The transition state) Ais) Towerlin 
energy than transition state B, because in the former the 
methoxyl is able to stabilize the o-2 bond. Thus the pre- 
dicted orientation of the adduct is that derived from tran- 


sition state A. Indeed this was the orientation observed 
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for the 2-methoxyfuran--acrylonitrile adduct. 
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In order to obtain a Diels-Alder adduct of 2— 


methoxyfuran with an endo substituent at C-5 it appeared 
that diene 5 must be reacted with an oa,8-disubstituted 
dienophile. Reaction of 2-methoxyfuran with maleic anhy- 
dride, at room temperature readily gave the exo adduct, 16. 
The ir spectrum shows anhydride absorption bands at 1870 


and 1800 cm’). The nmr spectrum shows two olefinic protons 
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Wis. 25, d Of ds 347i, ‘dj athe bridgehead proton as a 
doublet (1 4.89, J = 2Hz), a methoxyl group (t 6.50) and 
two methine protons (t 6.45, d; 6.71, d). When the methoxy- 
furan--maleic anhydride adduct was formed at lower temper- 
ature. (70 for 12 h, then 0°). a .mixturelot starting mat— 
Serra, endo adduct, ,and exo adduct was obtained anaes sige 
was not possible to isolate the endorwadduct sor to forme 
in large amounts. 

The adduct was subjected to catalytic hydrogena- 
tion. If the catalyst (platinum oxide) contained traces 
of acid, a mixture of compounds was obtained. Chromato- 
Gzeaphy of the mixture (silicic, acid) led tomsolation?l of 
maoeerys talline compound ,.mp,129-130° =. This ‘compoundewas 
assigned the structure shown below on the basis of the fol- 
lowing spectral evidence. It has molecular formula CoH 905 
as determined by exact mass measurement of its molecular 
ion (m/e 198) in the mass spectrum. Its infrared spectrum 


He methoxyl (2840 io 
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shows hydroxyl absorption (3540 cm 


annyaride carbonyl (1830, 1800 sh, 1760, 17/50 sh cm }, and 


1 


Olefin (1630 cm ~). The uv maximum at 245 (ce = 34,500) 


ishsimilbaretotthat reported forvethy bi samethoxybuts2-eno0- 


ate (A 245 pmAcloge a= seidANSE” The nmr spectrum displays 
max 


avGarbindleproton (1 5748 ;ebroadtamdcengHz) coupledetegu-2 
{ \ 


(th6 266 [udida=1hsppeaimebhoxyligroupALt eG. 05) mandtaghy- 


aroxyaagroup (it rt. by exchangeable arth D0). 
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However, when the platinum oxide was prewashed with sodium 
bicarbonate solution, compound iv was formed in high. yield 
(ir: 1870, 1800 cm +, anhydride. nmr: 1 5.25, H-4) 6.46, 


OG; 6.68, H-2, H-3). 
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Previous workers have shown that exo-cis-acids 


undergo isomerization in hot alkali to give trans-acids?®, 
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In our case opening of the anhydride ring of compound 17 


with a nucleophile, followed by epimerization with base 


could possibly lead €o”a,product with therdesired-endo 


configuration at C-3. Therefore compound 17 was reacted 


with refluxing methanolic hydrazine. After 15 minutes, 


two compounds were obtained which were separated by chro- 
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matography over silicic acid. The major component isolated 
eCmystalbuzeditromiacetone, mp 154-155.5°. The molecular 
formula C5 5H, 6 N50, was determined by exact mass measure- 
ment of the molecular ion m/e 252 in the mass spectrum. 

The ir spectrum of the compound shows absorption bands at 
Toke tIG7-0:0:, «16630 emt, The nmr spectrum shows a bridge- 
Vercerroten (7th. 42, em)i,staimethoxyh Group natt Gast, s)ipeand 
two methyl singlets (tT 7.77, 8.17). When the major compon- 
ent obtained from chromatography was crystallized from ethyl 
acetate rather than acetone, the compound melted at 136- 
138%. © The smolectlarsformula CoH N50, was determined by 


exact mass measurement of the molecular ion m/e 212. The 


o 


ir spectrum shows absorption bands for NH (3340, 3270 cm 


re The nmr spectrum displays 


end, carbony!) (1970, 1700. em. 
a bridgehead proton,..(wH.23,) , aybroad, D5O exchangeable 

Lwo proton Singlete( Tr s<03) ; a methoxy! group (t 6.50) and 
twormethine pretons (1 6.93). “The spectral date presented 


are consistent with the formation of an amino imide 18 and 


a propylidene amino imide 19. 
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Other workers have obtained similar results with a,a- 


: SeerAY 
dimethylglutaric anhydride and o-pyridylhydrazine . 


Attempted ring opening and subsequent epimeriza- 
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tion of compound i8 by treatment with hot alkali gave only 
an intractable mixture. 

When “anhydride l7 was ‘reacted in refluxing methanol 
for 1.5 hours, two half-acid half-esters were obtained 
(nmr). The two compounds were positional isomers since 
treatment of the mixture with diazomethane gave one dimethyl 
ester, 20. The ir spectrum of the dimethyl ester shows car- 
bony absorption tatr)l735 emi hy The nmr spectrum displays 
a bridgehead proton (t 5.00), three methoxyl methyls (Tt 
Soon. SD, 6.250) andkivo methine protons, (7.662; 6.98, 
ad. =-1L0Hz). The multiplicity ofthe methine protons (Gtwo 


doublets J = 10Hz) established the exo-cis-configuration 


for the dimethyl ester. 
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Several other disubstituted dienophiles have been 
used to prepare Diels-Alder adducts. When 2-methoxyfuran 
was reacted with diethyl fumarate at room temperature only 
traces of adduct were detected (nmr) after three days. 
However, reaction of fumaronitrile and compound 5 pro- 


ceeded readily and a crystalline adduct, 21, was isolated. 
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The adduct appeared to be a single compound (tlc: silica 
gel, chloroform)*,-but ‘the nmr spectrum showed it was a 
mixture (2:1) of stereoisomers (two H-4 protons, Tt 4.69, 
oid s+ 12-4295 dd) Se" CatalyEle nydrogenation with palla= 
dized charcoal gave a crystalline mixture of stereoisomers, 
22, (mp 145-147°) which could not be separated by frac- 
tional crystallization or chromatography (single spot tlc: 


Silica gel, chloroform; alumina, benzene--chloroform). 
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B-Carboethoxyacrylonitrile, readily prepared from 


maleic anhydride*?, reacted slowly with 2-methoxyfuran. 


After standing one week at 25° the reaction mixture had 
rekénba an equilibrium (nmr) of starting reagents and two 
adducts (ratio lel). “However, heating the’ mixture” at 70° 
for three days led to the formation of a single adduct. 
In-thisPcompound the functional’ group™at~C-5" (CN ‘or CO.CH, 
CH,) nas the exo Configuration V23R "or ZID) 5 =ihe mmr 


spectrum of the adduct shows the C-4 proton as a doublet 
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(t 4.84, J = 2Hz) which is coupled to the olefinic proton 
at C-3. The Diels-Alder adducts were formed in several 
solvents: anhydrous benzene, anhydrous ether, acetone, 
acetonitrile and neat. The reaction course was monitored 
Syfumr. In all cases, -anstequm@liprium mixture of starting 


Material (small amotnt). and two adducts ratio (1:1) was 


observed. 
o) 
CN 2 CH3 
3S ni | L at 2 
orn 
CH3 CO>Et , 
2 1 
RE: 
Deni oN B Ri = CN 
R2=CO2Et R2 = COzEt 


or or 
C R,=CO2Et D R, =COrkt 
R2=CN Ro=CN 
Catalytic hydrogenation “of thepmimeune 23 (fol— 
lowed by chromatography over alumina did not allow sepa- 
ration of the stereoisomers. 
2-Methoxyfuran reacted readily with dimethyl acet- 
ylene dicarboxylate at room temperature’t, The adduct 24, 
Wotchuis a high boiling Liquid “cam be 1sOtatedsaltter, one 
hour. The nmr spectrum of the compound shows olefinic 
Drocous .(Giecu>, cof d; 73.00, 0), avbridgenead proton. (se 
4.46, d) a methoxyl and two methyls of esters (Tt 6.13, 
6.22, 6.41). The adduct was very sensitive to traces of 
acid, readily .aromatdzing to form dimethyl 3-hydroxy—6— 


ce 
methoxyphthalate, Zo, To ize lies (reported Lie-119°). 
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Be sci a i 259° bra / ante 
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If excess diene 5 was present, two products were 
formed. No attempt was made to separate the compounds at 
this point. The mixture was hydrogenated in the presence 
Of palladized charcoal. Two compounds, an oil and a crys- 


PabLtane compound -27, mp 136.5-137.5°, were asolated. 


COZCH3 OGCHs 
—{- | 1. benzene. 252 + C,,H2208 
CH3 2 Tio rose OoCH 
CO2CH3 26 eee eee 2a 
O2CH3 


Compound 26 analyzes correctly for C1341 6% - The ir spec- 
trum shows ester carbonyl absorption at 1750 cm +. The 
nme -spectrum displays a low-field proton (1 9.52, mm, H=4)i, 
a methoxyl and two esters metnyl groups (T 6.33, 6.37, 
6.52). Preliminary attempts to saponify the ester groups 
were unsuccessful, and no further experiments in this 
sequence were performed. 


The crystalline compound 27 isolated from the 


hydrogenation of the furan--dimethyl acetylene dicarboxy- 


eo. 


late adduct analyzes for C Its infrared spectrum 


fe 32290" 
shows carbonyl absorption at 1750 ones The nmr spectrum 
Shows two low-field protons (t 4.91, m; 5.60, m), two meth- 
Owyl, and two ester methyls (1 6.28, 6.36, 6.58, 6.62). 
Deslongchamps and Kallos*? have shown that one Diels- 


Alder product of furan and acetylene dicarboxylic acid is 


arciaeddvebiwith the exo-exo configuration: 


CO2H 
CO@or 


Compound 27 is probably a saturated di-adduct of methoxy- 
Eucan—-dime thy lace ty Lene.di carboxylate, but an exo-exo 
@r an endo-endo configuration is unlikely since he nm 
spectrum displays two bridgehead protons with different 
chemical shift values. An exo-endo configuration could 


account for this difference. 


cw Cis | | -OCH3 
or 
H3C b 
O2CH3 
Co2CHs re 
CO2CH3 Rag 


pancgiiateaniae a reacted with 2-methoxy furan 


at 0° in acetone or at 25° in ether to form a crystalline 
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edduct,, 288, mp 208.5=110¥5°.% The nmr spectmm of the 


compound displays the bridgehead proton as a doublet (t 


e.0/ , 0 = 2Hz) indicating thea@eie has thelexo configura- 
Eton. 
soe 
aN te CH2Ph _ether 
Been é 250 Pah CH2 Ph 
28A 


On the other hand, when 2-methoxyfuran, N-benzylmaleimide, 
and ether were kept at 0° for eect days, a quantitative 
Pretosor a orystallineyaddncr, 258 gimp 9455-967) waseop— 
tained. The nmr spectrum shows the bridgehead proton as 
eedoublet “of doublets (14.97 70 = 2g52) establishing the 


endo Configuration for this adduct. 
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Having finally isolated an adduct which contained 
a C-5 endo substituent, we pursued two routes to the tri- 
cyclic compound 4. One route involved hydrogenation to a 
saturated adduct, hydrolysis of the imide ring’ to form “a 
one-half amide, one-half acid, and finally carbon--nitrogen 
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When compound 28B was subjected to catalytic 
Hydrogenation, avhigh yield of a crystalline saturated 
analogue, 29, mp 68°, was obtained. This compound analyzes 
correctly. for Ci 6H, 7N0,- Its ir spectrum shows absorption 
bands for methoxyl (2850 ema) and imide (carbonyl (1765, 


1708 JN: 


CHa 
28B Br ds Cn 
? O 
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Attempted hydrolysis with potassium hydroxide led 
tor-a-ml turer Or products." Cond? tions could" note be ound 
which allowed formation of a hydrolysis product which had 
the methoxyl group intact (nmr). 

Gray and Heitmeier’> Navel Tepor ted” chat a corcerced, 
reductive cleavage of the imide ring occurs when exo-5,6- 
epoxynorbornane~endo-2,3-dicarboximide is reduced with 
lithium aluminum hydride. The epoxynorbornane dicarbox- 
imides were readily prepared in excellent yields by epoxi- 


dation of the norbornene precursor with commercial perace- 
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tic acid in acidic media. 
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When compound 28B was treated with m-chloroper- 
benzoic acid, monoperphthalic acid, or under neutral con- 
ditions with peroxybenzimidic eetee or buffered pertri- 
fluoroacetic abpaees a mixture of five compounds was ob- 
tatned*(silica gel; chilorororm=-—-methanolyo0rsl) 9 The may,or 
component of the mixture was N-benzyl-3-methoxyphthalimide, 


SO; tis: ‘2850, 50CH 1765, and 1710, imide caroonyl: 1650 


af 
anda 500 Soe apomatre, NM: TZ BA eer; (5). 8, ArCH,; 
6. Ons, OCH.) - We were unable to detect any of the desired 


epoxide product in the reaction mixture. 
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We attempted several other reactions which would 
introduce a potential leaving group at C-3 of compound 28B. 
Such a compound should also undergo reductive cleavage with 


Tenn aluminum hydride tor di vers aectrievcla cc. comoound. 
g 


ot CH3 
3 
CH5OH 
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Attempted hydration by Brown's oxymercuration-- 
demercuration Teenode gave; an intractabie tar.  Treat- 
ment of compound 28B with acetyl hypobromite >? gave a mix- 
Eure. (nmr: 5. no OCH 3) . However, a crystalline diol, mp 


130-131.5°, was formed when compound 28B was treated with 


osmium tetroxide in pyridine. 
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The diol has the correct molecular TOM an Gah eNO as 


L Oapleis sore 


shown by the exact mass measurement of the molecular ion 
(m/ey3l9) in its mass spectrum. The ir spectrum of com- 


pound 31 shows absorption bands for hydroxyl (3550 em +) 


and imide carbonyl (1760 and 1700 Ba ae The nmr spectrum 
displays five aromatic protons (1 2.65, s), a benzyl methyl- 
Cne ah 04159,..S)./a.one, provomidoublet(t 5.55.4 ad es ana) 


aeMocioxy laGroup (Tt 6.33,°'S)\, and <ewo hydroxy.) protons 


O exchangeable). Formation. of this com- 
ea) 


(ao. 0, broad, Do 
pound was encouraging since Hartshorn and co-workers 
have reported the formation of epoxides by syn elimination 


from.cis diol monotosylates. 
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Atathis.point,.our work, towards) the,.synthesissofatxicyclic 
compound 4 was interrupted in order that we might concen- 
“Eats ie the, grandisol synthesis described.in, Part. i. 
Recently,. the formationsof.3-ox0-5,,Jaqendoxos 
tetrahydro isoquinoline-4-endo-carboxylic acid by an intra- 
molecular Diels-Alder reaction of (2-furfuryl)-aniline ‘and 


maleic anhydride followed by acid catalyzed isomerization 


a2 
has been reported ~. 
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A similar result has been obtained in our research labora- 
tory. When (2-furfuryl)-aniline was reacted with ethyl 
4-bromocrotonate, a crystalline Diels-Alder adduct 327 (Con 


taining an endo carboethoxy group was isolated??, 


CO.Et 
Zz ~ 
a fT > 
(OX: HR onpe a 


Thewsynthesiseof ethe«tnicyclicecompound.4)remains 


NR 


32 OvEt 


incomplete. However, the synthetic sequence involving 
reductive cleavage of an epoxy imide with lithium aluminum 
hydride appears promising. In addition, the intramolecular 
Diels-Alder adduct, 32, could be adapted to the synthetic 


scheme for the total synthesis of actinobolamine and acti- 
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Solutions were dried over anhydrous magnesium sul- 
fate unless otherwise specified. 

Re value = distance moved by compound / distance 
moved by solvent. 

Melting points were determined on a hot-stage 
Fischer-Jonns or Leitz-Wetzlar melting point apparatus and 
aLecuUnecoOrreccted, 

Microanalyses were performed by the Microanalyti- 
cal Laboratory of this department. 

Infrared spectra were recorded on a Perkin-Elmer 
Model 337 or a Unicam Model SP 1000 grating infrared spec- 
trophotometer, or a Perkin-Elmer Model 421 dual grating 
infrared spectrophotometer. 

Nuclear magnetic resonance spectra were measured 
on a Varian Associates Model A-60 spectrometer or a Vari- 
an Associates Model HR-100 spectrometer with tetramethyl- 
Silane as internal standard. Deuterium exchangeable pro- 
tons are noted in text as D,0. 

Mass spectra were recorded om an  AEI Model MS-9 


mass spectrometer or an AEI MS-1l2 mass spectrometer. 


2-Methoxyfuran, 5 
Dibutyl phthalate (25 ml) and B-naphthalenesul- 


fonic acid were placed in a three necked flask equipped 


Tena Sh Mai glob ea): 


i Wa i. 7 | | ea - : | 
fs A ve es 


y a je a a ; 
: wns = ap 5 
Day a a 
2. of i fh iy : ay 
ag | I b , ae 
VA 
° if n 
ee ' a 
iJ 
‘ 7 ' 
* a » } i 
: = aA A A 
im =< 
; 14 
"] 
j ' 
‘ yy : “ 
, = { f BY J J i iy 
« ‘2 
Hf te 
: 
— 
i , ue r 
ae . 
he - 1 
, 1 Pa 
- i 7 j 
I 
‘ 2 . 
a. ‘ 
a = ‘ 
; * 
a 
se ; . . 
j ve | 
, > 
so ‘ 
° 
* . 
. & . * 
> 
S y * * { 
iva be 
) > ee) 
¥ 
oY Bipot 
’ 
a 1 o 
~_ ; 4) i a 
i * Bs. «, 7 
é “ ‘ 77 
* \ i, h 
i ©) j ; c ‘ 7 eral oT 
> ’ Pas ha 
: ; > i ) q 
: : i ‘ = 
be : - F 
n2 Ty i 
4 an be 
: ’ 
. at wie, Pret 4 , fa 
, 7 : 


- 
Pdive os tate =e fee sien pepe: ; 
. mi 
: ae eee 
4 J} . Ra. Clete ey 7 bas ae oe ae? ) 3 eat ae 
i “ aoa Mia)! F 
* 7 


hPa 


with a gas-inlet tube, an addition funnel, and?a/30--cm ¢col— 
umn packed with steel wool which was connected to a conden- 
ser for distillation. The pyrolysis media was pre-heated 
to 250-270° under a steady stream of nitrogen. 2,5-Dihydro- 
2,5-dimethoxyfuran (45 g) was added at such a rate that the 
vemperature of the distiblate) didnot) rise /above 90°, When 
the pyrolysis was finished, methanol was completely removed 
byedistiLliation through a 20 cm column packed with glass 
helices. The residue was distilled as quickly as possible 
to give 18 g (45%) of 2-methoxyfuran, ae 


Date ell LL GA60, ammo (ate ae Oeil 2 Geo mm) }°. 


mecoSl elt 3440 /.. 31200(w doublet) 5) 3020 4°2850 (OCH), 1600 
1500, (C=C of aromatic system) emu 
34 
: St Pe pero a H-5 3.80 
 eccrcl =); Sey BOCs IO) 0 ak eh al vee ZH >)i, 


(dROL Gli = (265), 3. Say 4) pea) (COLd, ie eo ea or, 
Site yell 3) 280.6 On CS hey OCH). 
6-Exo-cyano-1-methoxy-7-oxabicyclo[2.2.1]hept-2-ene, fy, 
nan 2-Methoxyfuran (5 g)7 acrylonitrile (seg) <andvan-— 
hydrous benzene (20 ml) were stirred at room temperature 
for four days. The solution was concentrated to give an 
Oile (7 1G} .97%), ‘which terystal lized sen ystanding.- 
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Z2-ExO—Cy ano-—1~methoxy— 7=-oxabicycio[2.2.1]heptane, «8 
Compound. 7 (26159).7..>¢ pal ladvzed charcoal (0.1 

g) and ethyl acetate (40 ml) were stirred under hydrogen at 

atmospheric pressure until 500 mil of hydrogen was absorbed. 

The catalyst was filtered, washed with ethyl acetate and 

the reaction mixture concentrated to give 1.6 g (60%) of 

anerystal liane product, Mp io/.o-G0... 

Anad.. Calcd, £or CoH) NO: CP O.od So) Hols cee OR nua. 

BOUNGss (0,0 O28 98 Wp beeps oN ip eo 


2840 (OCH,), 2245 (CN) oon 


1 5.48 (ml, Lavo 4) G6 e 3 lor SymeOel ayn ger Om 


eto : 
(CC1,) 
Sr (estes Vs 
a opel epee Wa 0 Jom 
mass spectrum: m/e 153.0789 caled for CoH, ,NO,, Lael o 
meas. Gli, 125.004) »-b2 4.68200, ol 21630) gpelel2 (3-8 enial O02), 
109,033)... 100 (25).,,.99.(43) » 94027), 93-648 )ig 85( 20) pe SO 5)., 
74(39)..0.69.(100) 968 (27) ii6h (32), 66 2a S903 Ban SSG, 
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6~Exo-carbomethoxy-1-methoxy-7-oxabicyclo[2.2.1]hept-2-ene, 
2 

2-Methoxyfuran (0.65 g), methyl acrylate (0.57 g) 
and anhydrous benzene (10 ml) were stirred at room temper- 
ature. After six days the soltuion was concentrated to an 
Ou) (0:30\9g7/243). | Thessample was puritied by iomdeuss 
distillation (bath temperature 80-90°, 0.05 mm). 


naa ls) Caled sfor CoH, 50,4: GRIDS .69 * Hy 10. 56% 


Pounds uC ioe. a2 iH (6.07. 


} te r -1 
setchel.); 2860 (OCH,), PaO CeO) 7 e CO onr hC=—C J meciinas 
Ee coca): Tse ay (Ody, Lat fo) eo ipa in) eae OMT CCl, 


Dee GHay = Qn S20 ee(dino fudiyeh ie a Glee Woe ie 


OR Seo OCH O554 S905.) 3, OCH3), UPS CG | Ol Gace er 


3) 
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mass spectrum: m/e 184.0736 calcd for CoH} 5Oq 13405730 
measi(L)i, L266 (4)") LS6(2)y PaeClO) 7 SUZ Zr ee Oe oes) 
SSCL 2), 83165), (5808), SaLOO) 4 aN6)),, 24 (6), ooo). 
2-Exo~carbomethoxy-1-methoxy~7-oxabicyclo[2.2.l]heptane, LO 
. Compound 9 (0:. 0:8 5.0q)j jn 80% paliadi zed jcharcoal 
(catalytic amount) and ethyl acetate were stirred under 
hydrogen at atmospheric pressure until 15 ml of hydrogen 


was consumed. The catalyst was filtered and the solution 


concentrated to an oil (0.078 g, 91%). 
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: r fel -l 
metCHC.): 2860 (OCH), 1740 (C=O) ‘cm ~. 


poe encl.) Ces rome aL Ho aepee 24s 7 134 OCH,), 6:43 %(s, 
Sy OCH,), Seo tm ye a2, 

mass spectrum: m/e 186.0892 calcd for CoH 40g, 186.0887 
weas (42); 255 (44) 7 ES olor Pela s26)6, Fae (84 eee eyo 5 ee 

Poe (59), LeTC62) 226 (559% 122082), sree Cao yy Pri roo eae 
C70) 7 LOO (a0), "IS C64), S5C70 yao) (45) ¢67 GLO0), SI t6G)> 


55 (30). 4 743(48) 7° 42097), 39 O52); 


Ethyl 2-methoxy-5-hydroxybenzoate, 11A 

2-=Merthoxyiuran (L0.1. Gierand ethyl proplolace: (25 
g) were heated in an autoclave at 110° for 18 hours. The 
resulting oily product was distilled at reduced pressure 
(opi s5—150°;)-8-mm) . “Glo analysis: "(SE=307 = Lome al/aar 
210°, 60 ml/min) showed the presence of two components. 
The two components were separated by preparative glc. The 
component present in minor amount was not identified. The 
major compound was ethyl 2-methoxy-5-hydroxybenzoate. 
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The mixture obtained from the Diels-Alder reac- 
tion (1.6 g) was allowed to reflux with 5% ethanolic potas- 
Sium hydroxide (ethanol / water: 1/1, 50 ml) for 16 hours. 
After cooling, the solution was washed with ether, acidi- 
fied (HCl) and extracted with ether. The ether extract 


was dried and concentrated to give 2—methoxy-5-hydroxyben- 


ZOU .aGrd, Pann 5 0-15.28). fiat. 15 221556) oe. 
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(acetone ~de) 
WIZ psAGH)-7 es (Cp a2, JeewZia, Aun) pmo.00 (sy 3, OCH.) . 


mass, spectrums m/e 168 (H00)., 153:(24)F, 15 h020) pel39 (le)y; 
136: GL4) Pite2:5: Gro), D220) 44, cd 21054) 9 LOS) aehOs Chor. oF 
€92,)>4,9 032.) « SSC30)U2 SSCS) 7 -SUCS0)r,. SONGEL) pore 8 reo 
(is2 0, 865. G8e),, Mo31020)), 53-028) 7 S16) SON eo 2 a) 
2-Methoxy-5-hydroxybenzoic acid was dissolved in 
ether and a solution of diazomethane was added dropwise 
until the yellow color of excess diazomethane persscced, 
The solution was concentrated to yield methyl 2-methoxy- 


i Be 

5-hydroxybenzoate, mp 80-82° [lit 83-84°] . 

me 

350 (OH 2840 (OCHS i127 S30: 1 (C—O) ecm a, 
Ese 3600, 3 (OH) , 3) 

ape). 

2052, ArH), 3-00 (Ss) superimposed ond, sare) 73.05) (br 


NME T2653 (dg lL. Wa 2.52, Aa) fe. o4 > geek Regt ee 
Se Od), O70 Sin oi OCH,), 6.12 Sear, OCH.) . 
mass spectrum: m/e 182(98), 167(14), PAE TOO fa, Oia © joy 
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6-Chloro-6-cyano-1-methoxy~7-oxabicyclo[2.2.l]hept-2-ene, i2 
2-Methoxy furan (13a) Gg); a-chioroacrylonitrive (1) 

g) and anhydrous ether (25 ml) were stirred at room temper- 

allure for’ /2°hours.”) The’ solution® was Concentrated to’ an 

Oil (1.5 g) which crystallized on standing in the cold, mp 

O2=63°h 

imal. Calcd TLor CoH,NO.C1: Cr Dia 1 Oge iGt As SA var Nene oe 

Se oO, 

Pound. Cy co ooe on, 4.127 N, = /. 64s Cl 9.358 
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6-Acetoxy-6-cyano-l-methoxy-7-oxabicyclo[2.2.l]hept-2-ene, 


LS 
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a-Acetoxyacrylonitrile (20.2 g), 2-methoxyfuran 
(18.0 g) and anhydrous benzene (100 ml) was allowed to stand 
at room temperature. The reaction was monitored by nmr. 
After one month the reaction was complete. The solution 
was concentrated and the crystalline adduct collected, mp 


LOUTH 225°. 
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1X (nujo1)? 2850 (OCH), 2240 (w, CN), 1735 (C=O) At 


BERD EES * THe J20\ebd Of4G, gal ik eyp2 psd zy HaS)a) goiiG5 
(et devi 6s; H+ 2 Jove 5310.5 CxO Sildis vl wedi ee, GS y H-4), 


6.32.(s, 3, OCH 6m 2:0) (0. of RO Ail wy) jptbyel 4) 5x)", 


3) 4 
Ae23. (8,3, OCOCH yn8.16 itd, Yod= d4Hz, H-5n). 
mass spectrum: 209(1), 98(39), 83(28), 69(2), 55(12), 


Be 1-00 a Ae (10 


2-Acetoxy-2-cyano-l-methoxy-7-oxabicyclo[2.2.l]heptane, 14 

Pe mixture,of compound 23 (1..:0).g)),, 30% paliladized 
charcoal (0..05..9) and ethyl, acetate, (25 ml)» was) starred 
under hydrogen at atmospheric pressure until 110 ml (1008) of 
hydrogen was absorbed. The catalyst was filtered and the 
Solutions concentrated) to giive 2.016 4.9 lay Of scomysted line 
compound 14, mp 118.5-120°. 
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2850 (OCH), 2240 (w, CN), 1750 (C=O) ene. 


c Spaavice, fy, Hae, Gorn 8 (Ss) 637, OCH.) , 7.84 
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(S7~-37- OCOCH) 
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1-Methoxy-7-oxabicyclo[2.2.l]heptan-2-one, 15 
DA ces ee er nn eet ee ee eee 


Compound 14 (0.98 g), 2% aqueous potassium hydroxide 
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(100 ml), and methanol (5 ml) were stirred at room temper- 

ature for three hours. The solution was diluted with water 
and extracted with ether. The ether extract was dried and 

concentrated to give 0.59 g (90%) of ketone 15. 

ee cnci. ys 2850 (OCH,), 1760 (C=O) em +, 

eg sbseiion TAITZE SCHL, Gs 4 NGOS Asis; OCH), 7.52 


henoesdiwhs Jal. 5, Chayahesx) (hr its, aly H=3n)% 


Attempted formation of an enamine from ketone 15 
A TSsolution Of ketone 15) (059Ng)yapy pro. dine 

(0.31 g), and benzene was placed in a 100 ml flask equipped 

with a Dean-Stark separator and a condenser. The solution 

was allowed to reflux for 24 hours, then cooled and con- 

centrated. The residual oil (0.47 g) was a mixture of three 

components, the major component being starting ketone 15. 


Analysis of the mixture by nmr did not show the formation 


of an enamine (no signal for a vinyl proton downfield from 


TO). 


Metempted-formation of am a-kecto- acid from ketone 15 
Ketone 15 (0.17 g), methyl magnesium carbonate 
(2M, 12 ml), and methanol were allowed to reflux in a nit- 


rogen atmosphere for 20 hours. The reaction mixture was 


cooled, poured into ice-cold aqueous hydrochloric acid. 
The solution was continuously extracted with methylene 


Chloride. The methylene chloride fraction was dried and 
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concentrated to give 0.1 g of an intractable mixture. 


3-Methoxy-exo-cis-3 ,6-endoxo-A*-tetrahydrophthalic anhydride, 
See eR A nN oe ee ee eee aed 
16 


ot 
es 


To a stirred solution of maleic anhydride (4 g) 
in anhydrous ether (50 ml) was added a solution of 2- 
methoxyfuran (4 g) in anhydrous ether (10 ml). Within 
Ue > Ours ;wavcrystal ine eadduck formed st! h¥velav! .Ge21qut79e)4 


moss 11G=B13 Sh Pui 01972110° deci’, 


pave... Calcd for CgH,O-: Ceo a Lest ieee his tue 

MOUs) Cin <5 4)..95 3. He 2°39), 

; . . ro -1 
ot tent 2850 (OCH3), 13/0, 1800 (anhydride=C=0) cm 
MpekedCle). 3.25) (OsOr sd t= aly Oly el ey Ce 


Peed 612, H>2)i, 489 sd ay oy =o 2 Zee A) oe Orc, ae 
Ue ee Z)ip 6250 "(Soy OCH.) , GH = Cdiard. | Gere ieeies 
Mass spectrum: m/e 196 (1), 134))) 1244) 1096), 92100), 


USCC) sp 42), 4 (68) sea SOR 2. 


Attempted hydrogenation of compound 16 


Compound 16 (3.5 g), platinum oxide (0.35 g) and 
ettiyvle acetate (100°ml)"™were Stirred: Under: hydrogem uniatt 
400 ml of hydrogen was absorbed. The solution was filtered 
and concentrated to give 3.4 g of a mixture of compounds. 
Chromatography over silicic acid gave 6-methoxy-3-hydroxy- 
At? ©_tetrahydrophthalic anhydride, mp*/129-130°. 


MECH.) 245 nm (e = 34,500). 
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1 (mujo1)? 3940 (0H), 2840 (OCH,), 1830, 1800 sh, 1760, 


1750 sh (anhydride C=0), 1630 (C=C) cm. 


nmr % Det Sot De Gy ee sone He4 i, (v0 Sa (Ss, 


(acetone-d_) ° 
ce OCH 3), Go Zoe gl es ee = 3 hehe Oy COS li eOue 


soe 


mass Spectrum: =—m/e 19920528 cated tor CoH) 9% + 191820 520 
meas, (70)), slBO(1S).. 55 (24) 154658) gO 1S) IG taal 
ae) os (OO et (1OO). sos el O > Siecle 5B .G2 Oem ae 


Sau oo WAL ( 20), 29065) .. 


SeMiccnoxy-exo-Cis— 3 ,o-endoxohnexanydropnthalic anhydride, 17 
A solution of compound 16 (0.75 9g), platinum oxide 

(prewashed with sodium bicarbonate and dried, 0.07 g) and 

ethyl acetate (40 ml) was hydrogenated under 30 1b pressure 

until no further uptake of hydrogen was observed. The cata- 

lyst was filtered and the solution concentrated to an oil 

(O iS igji which crystallized on standing, my discon. 

BAL. GCEvcd Lor CoH, 905: Cee Souls eg  wOloee 

POUNCH 260) 54s OFF Ty Oe 

) —1 


i : 5 OCH L870, 800. (anhydride C=O). "cn —. 
Ar (cHcl,)’ 2850. “{ a); ' Y 


; lige pie 646 “(Sis OCH area Gc 
pepe ly fie SRS ai ih ), ’ ' aie EY 
Cee ee pre, es ne 
mass spectrum: m/e 198(17), 154(25), 126(38), 122(31), 
TEINS) LOCKS 7) pp LOL LO00}, DOCS) 7, orca, ON see) 


e545) 1, 184 (28), 83(28), S243l), Sl(sep, G7(64), Bo (far, 


41(53). 
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N-Amino-3-methoxy-exo-cis-3 ,6-endoxohexahydrophthalimide, 
Be a a Ot 
1s 


Compound 17 (0.66 g) in absolute ethanol (10 m1) 
was added dropwise to a refluxing solution of hydrazine 
hydrate (85%.,,-0..25 sl) .in anhydzous «ethanol .610.m1) 4 
After addition was complete, the reaction mixture was al- 
towed co reflux for 20 “minutes. |) The solution was wcooded 
and concentrated to give a mixture of two compounds (tlc: 
Sr iica,gel,.chlorofoumne-metianel2J5n.1)., — Chromatography 
Over silicic "acid Ped to isolation of the major compound 


which was crystallized from acetone (compound 19) mp i 
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. : imic =O 1630 (C=N TSO 1360 
(ee LO") OO et imide C—O )a, SO CCI ia, ’ 
(C(CH3) 5). 


nmr TD Ace aUy= fio EIA pO tos A abet OCH3), 6.86 


(CDC1,) 
(eye icict ices Jars cele) pe orate CH), G5 oy Ce ees CH3). 

mass spectrum: m/e 252.1110 calcd for C1 5H gNoOys 252i nl le 
meas: (95) ,.237(25) 45-19 5 12) po OSG 4) a OO ) arn LOSEG Ole, 
154:(99) 2. 153.(35)4, 136 (34) 7.326105) 2 125035)e5 L6G) e200 
(1100), 99.(700)+,..98(56).7, 94(91) 75 8L(100) 5 8N90) 76 Sal LOD) 
The compound isolated by chromatography was crys- 


tallized from ethyl acetate (compound 18) mp 136-138°. 
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6.50 (s, 3, OCH), 6.93 (s, 2, H-2, H-3). 


mass spectrum: m/e 212.0797 calcd for CoH, 5N50,, 2120797 
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Attempted hydrolysis of Compound 18 

Compound 18 (0.05 g) in ethanol (30 ml) was added 
“LO a-soOlution of barium hydroxide. (0,5. og) vandswateretLOemL) 
The mixture was allowed to reflux for 24 hours. The mix- 
ture was cooled, saturated with dry ice, and the insoluble 
barium Ae ee ee by filtration’ through ecelite sa ine 
filtrate was diluted with water and extracted with methyl- 
ene chloride. The methylene chloride solution was dried 


and “concentrated to, give 0303 g.of an eintractable =m xcure. 


Dimethyl 3-methoxy-exo-cis-3,6-endoxohexahydrophthalate, 20 


Compound 17 (1.35 g) was dissolved in anhydrous 
methanol (50 ml) and the solution allowed to reflux for 1.5 
hours. The solution was cooled and concentrated to give a 
mixture of half-acid, half-methyl ester (1.32 g; two com- 
ponents tle: alumina, chloroform--methanol, 25:1). 
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3500 (OH), 2850 (OCH), 1716, 4C=0)cm io 
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TS To SeCO MW, a hy ee) GOTO ans, OCH), 6.35 
ge: OCH), 6,200), (Sie 33 OCH), GeO1 (di, 1 So 0H, 
2 COP REM NEED UR RS 27 is Bes ait ac UO ha 2 OL Hao). 

The mixture (0.5 g) was dissolved in anhydrous 
methanol and ethereal diazomethane solution was added in 
excess. The solution was concentrated to give (0.49 g) of 


a dimethyl ester, 20, mp 100-102°. 


sdb 


2030) (OCH 1S Op (C=O) aac nnes 


=e CHC] 3) 


3) 
a6 Methoxys 3 6-ehdoxo~h -tetrahydrophthalonitrile, id 
2-Methoxy furan (loots fumaronzterile (i725 g) 
and anhydrous ether (20 ml) were stirred at room tempera- 
ture-y, Arter 19 hours; the. crystalline precipreace formed 
was collected (single component, tlc< 9 sulica gel, cilo- 


roform). The spectral data showed that compound 21 was a 


mixture of stereoisomers. 

-1 
i . 224807 °CEN 15907 (C=C)) ¢ , 
PHC yy 2850 (OCH,), (CN) , ( ) cm 


nmr miedo LOROL eC, tl w= payer pte o)) Me SPAS 


(acetone-d,) ° 
(dj-J3) = i(6Hz, H=2), 4.69 (GOOG 1d, yee Pee pw OH ype gy 


ACO Gp He em 4) eG ot PRC ee AST Z) 60 Al CWO 


Overlapping s, 6, OCH3), 6205) (Mm) 


3-Methoxy-3,6-endoxohexahydrophthalonitrile, a2 
Compound 21 (0.09 g), 30% palladized charcoal 


(catalytic amount) and ethyl acetate were stirred under 


pe ft 
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hydrogen at atmospheric pressure until no further hydrogen 
was absorbed. The catalyst was removed and the solution 
concentrated to give (0:08 g, 87%) of a crystalline product, 
mp’ r45—147°.~ Analysis by ele" (siliéa*gel: chloroform, 


Re = 0.48. alumina: benzene--chloroform, 3:2, R, = 0.52) 


£ 


indicated one component but spectral data showed a mixture 


of stereoisomers. 


2850 (OCH PISO CCH) toneoe 


3) 
OPS S24) (tt, H-A) 95 42 bn si eae 


agccHGle) 
nT (pyridine = see 
6.54 (two overlapping s, 6, OCH.) . 


B-Carboethoxyacrylonitrile--2-Methoxyfuran adduct, 23 


2-Methoxy furan (376 ‘g) , B—carboethoxyacry lonit— 
Eppa: = (2.8 g), and benzene were stirred at room temper- 
ature “for’184" hours.” The -soiltitron ‘was concentrated to an 


oil. Analysis by nmr showed a mixture of stereoisomers. 
Creasy 2.95, Cetin s) O60; Omer oye OCH 3; Se pre ats eae eA 
eas ee Top 2 CH, CH) 

2-Methoxyfuran (0.9 g), B-carboethoxyacrylonitrile 
(1.0 g), and benzene were heated at 60° ina nitrogen atmos- 
phere for 64 hours. The solution was concentrated to an 
oil. Analysis by nmr showed mainly one stereoisomer (Com- 
pound 23B or 23D). 
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Attempted hydrogenation of Compound 23 

Compound 23 (5.0 g), 30% palladized charcoal, and 
ethyl acetate (75 ml) were hydrogenated under 30 lb pres- 
Sure until no further hydrogen was absorbed. The catalyst 
was removed by filtration and the solution concentrated. 
Analysis of tne reaction mixture by nmr showed fe eee 
etnoxypropionitrile and two hydrogenated adducts (2 OCH). 
Cnromatography over alumina did not lead to separation of 


the hydrogenated adducts. 


Dimetnyl 3-methoxy-3,6-endoxo-A!'4 


-dihydrophtnalate, 24 
2-Methoxyfuran (2.4 g), dimethyl acetylene dicar- 

boxylate (3.6 g), and anhydrous benzene were stirred at 
room temperature for one hour. The solution was concen- 
raved and purified’ by -distiisa tron 2 Cl2 Ore tO. imines 

TS Coie ea TD a2 VON OLN AG on Oe 2 pe ee met yee 
(dimatind? =O5%5H279 0-2) 89 Ay a6" (dy, 1k dei 2a) 
(a ees ee OCH3), Gace Se Say OCH,), 654 (Ss) By OCH). 

mass spectrum: m/e 240.0634 calcd for C3812" 240.0637 
Meas? (67), 22)1K4ALy; 2101200) ere S25) 79 250 C25) eo, 


BHA AHe6 S22) 74 S33 8)" 


Formation of Compound 27 
ems 0 AACR er aes Re a ee aa 


2-Methoxyfuran (4.5 g), dimethyl acetylene dicar- 
boxylate (9.0 g) and ether were stirred at room tempera-— 


ture overnight. Tne solution was concentrated, dissolved 


142. 


in ethyl acetate containing 303 palladized charcoal and 
hydrogenated under 22 1b pressure until no further hydro- 
gen was absorbed. The catalyst was removed by filtration 
and the solution concentrated. Crystalline compound oh, 


Mp 136.59-137.5° Separated from the oil. 


Bval.. Calcd ior ek CU DOS aed he Ona ee 
BOUNCGs CG, Son soe Hy 6. So. 

: es -1 
BeCCHCiS |” 28350 (OCH), Dies oO. (C=O) Cine as 


nmr Teco (me 1) GOO ase peo ee BS oy OCH 3), 


(CDC1.,) ° 


6.50 (5, 3, OCH Osi ci Sy. St OCH), 67 Ole Sipe at, OCH). 


aii; 
mass spectrum: | m/e 342.1315 caied: for Ci 6 Ho9%91 S42) oO, 
MEAGHIUI) ,) 283 (30) p 270447). cool) | 2a Oe iGnaee Vote, 

£93 (25) 191 C49)') 190 (40)2, 7 (44) CEOS. C46) oo (SO erie 
C24) Re 35424) Lal 30 )i ee 2a 2S), SLOSS C30) eae Ose We rorieesia) a 


S527) 19 (299% FIC38), TEC) fea te or, oO LO Oye) 


Dimethyl 3-methoxy-cis-endo-3,6-endoxohexahydropnthalate, 


26 


Compound 24 (1.00 g), 30% palladized charcoal 
(OT Gy, and ethyl acetate were stirred under hydrogen ac 
atmospheric pressure until no further hydrogen was absorbed. 
The solution was filtered and concentrated to an oil. 


Distillation (120°, 0.2 mm) gave 0.9 g (89%) of compound 26. 
Anal. Calcd for C316 %? CG), 54.09!) «i, 6.00. 
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ete Ree oee (mel? He4yeeow3s) (Ss, 3, OCH3), 6.37 


(Ss, 3, OCH3), 6.52 (s, 3, OCH,). 


N-Benzyl 3-methoxy-exo-cis-3,6-endoxo-A*-tetrahydropnthal- 
Se ee 2 er re ea i 
amide, 264 


BAS) 


2-Methoxyfuran (5.9 g), N-benzylmaleimide GLO eek 


g), and acetone (300 ml) were kept at 0° for several days. 
Removal of solvent gave 17.0 g (100%) of crystalline com- 
Pound. 2 6A) mo. 108. SL EO eS. . 


Boats CALC tO. Ci 6H] 5N0,: Chee Oe SO getty e530 seep eons 


Pounce @CU 67 O09 sat >. 2Oe Ne; £4.04, 


es(—501)° 2030 (OCH,), 17657-7695 Cimide C=0) cm 
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Z 
Sha, ear OFOr@H— Oy oud Leo CZ Fe one. H-6 )": 
mass spectrum: m/e 285.1001 calcd for Cy 6H 5NO,, 285.0996 


mease Ch) PS257(2 pe l8 WSS), LOGOUT P79 SCLC) peor Clo ost 24) 


N-Benzyl 3-methoxy-endo-cis-3,6-endoxo-A ‘-tetrahydrophthal- 
Nee a ee ae ET Sa Oe CES ae RGR STS 

imide,, 298B 
2-Methoxyfuran (5.3 g), N-benzylmaleimide (9.5 g), 


and anhydrous ether (250 ml) were kept at 0° for several 


days. The product which crystallized from solution was col- 


lected, mp 94-95.5° (15.0 g, 97%). 


Prats. Calcd ltfor Cy gH 5NOg? Conte Piecibte Hp, Ore SOs IN | Sian de 


\ . ht a Oe 
ee oy fo ROO Le C8). SELES E SE eee ey 
nae aad Xp Le is rn ; 4y pt « 
; : “Wer oh wie ey 
' F sh sal ae \ 
* a. ee 
b ai ie : cat & eo 
“ i 
he 4. : 
7 Nad Ve ‘ 
he : 
“es . : if 
= mired . 
_ ' » 1 : > cal nh \, "4 . 
_ o- + = fl lit = ~— 
, 4 
1, ; hi . 
: a ae AA 
m «) wi en 
4 ’ 
j —s oe 
bn. : To : 
+ f * x 
an ' we * : . f - 
t “as . 
; t 
' , 
En tt TOs “2 
' *% i’ 1y mY 
Tf, 180, Ma + 
inl H 
o , } : ‘ * 
+ EE yeh ra ene 
ey 
' ei Oe \ 
% , “a ¥ - 
si f » dies ry. De) 
an 0 
Linn © oh ce Bee Cis 
. * a . ae 
i es 
* TE ia he 
i J " } wae paps” Li: = 
nae i 
i f 
3 — ‘i nie 
4 j é i : - cys Py 3 
4 ‘ “i 
5 
* = ¢ 
«4 ‘ ‘ ‘ tl +9, A [ Ds, 


. ; a hoes 
a? ;. b, ] D4 . [ Ma i ‘ s “ps A . a Pe Teas ae y's 


; 7 Bis U 
y 45 Jour yo ? ta he hdd ae) ten 
~ is The 4: 8 


Sort besa thd ue eins ae 
: Lp ' ' 


88 \ ety: 


144, 


BOunCHAGC , EEPESSetH AS olS panes - 

IX (nujo1)? 1760, 1700 (imide c=0) cm), 

eacbeley: T4273 ts7 a5 pGALrh) FO29e9N (ad; Aliad Sn2Hay B23), 
200 18 (Spay LHA2 )\- pd OP Rbasefhdremid sa2,a5n2% H=4) 70 5276 
CSUa2F NCH,Ph), 6.37 (d of d, 1 J = 7, 8Hz, H-5), 6.50 

CS? 35 OCH.) , on 42 (dims FI use Shue —i=6 it eeeDouble Papeete 
Eronvat. 50/f eps.) ( 1.4093) \collapsesy pr6.3 7) toverdauplec: 
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N-Benzyl 3-methoxy-endo-cis-3,6-endoxohexahydrophthalimide, 


29 


eres 


Compound 28B° (0.35 g),,) 302 palladized charcoal 
(catalytic amount), and ethyl acetate were stirred under 
hydrogen at atmospheric pressure until no further hydrogen 
was absorbed. The solution was filtered and concentrated 


to give. 0.35 g (98%) of compound 297. mp Ge. 
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Attempted Epoxidation of Compound 28B 


Compound 28B in solvent was added dropwise to a 
stirred solution of peracid in solvent. After the approp- 
riate reaction time, excess peracid was destroyed with 
sodium bisulfite solution and the reaction product isolated. 


The following table summarizes the results. 


Attempted Epoxidation of Compound 28B 
Peracid Solvent Temp Time Result 


m-ciiloroper- 


benzoic ether 0° 2 shin Compounds aGec) 
monoperphthalic CHCl. O™ “AS thyaGe compounds Celc) 
peroxybenzimidic methanol 25°) 48 hh” 3 icompounds ‘Gimzr) 
peroxytrifluoro- 

acetic Na,HPO, CH,Cl. a 3h “5S..<compounds.1 (nm) 


One compound isolated from the reaction mixture 

by’ fractional crystallization was N-benzyl 2-methoxyphthal— 
LMPAG, ea IND: OLOoL 5.) 
i : H 1765, 1/700" (inidesC=0)77 71610 
eC eneD*) : 2850 (OG 3) ’ ’ ( ’ ’ 
a 
1500 (aromaticuc=C)isem (j. 

.64 Si) Adal 5 ak: Baal Soares NEHA) ) F516 20 
nme ener * Th DeiOSeushlh, goiy H), 1 2r Ho ’ 
(easy OCH). 
Mass uspectuum: f m/e 267.0595 Gail-co iow C1 6H] 3N03, 267.0890 
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Attempted Solvomercuration of Compound 28B°? 


Compound 28B (0.8 g), mercuric acetate solution 
(3M, tetrahydrofuran--water, 1:1), were stirred at room 
temperature for 24 hours. No color change had occurred. 
Addition of sodium hydroxide solution (3M, 3 ml) sodium 
poronydride (0805 gg), then salt—-and separation of the 


organic fraction gave on concentration an intractable tar. 


Treatment of Compound 28B with acetyl hypobromite >? 

Acetyl hypobromite solution? (17.5 ml) was added 
abl at oncesto ahecooked (0°) wsolutionsadfacompound 208.00). 5 
G)iminwcarbornttetrachionide .(b0.cnb)). onthe treacttonimrxtitre 
was stirred for 50 minutes, then was washed with sodium 
bisulfite solution. The organic layer was separated and 
concentrated to give a mixture of products (no methoxyl in 


mmr). 


N-Benzyl 3-methoxy-4,5-dihydroxy-endo-cis-3,6-endoxohexa- 
hydrophnthalimide, (31 

Compound 28B (1.1 g), pyridine (15 ml) and osmium 
tetroxide (1.0 9g) were «stirred at room Cenperature stor oun 
days. (|A mixture of sodium bisulfite (1.8 9), pyradine (20 
mil)’ and water (30 mi) was added all at once and the solu- 
tion stirred for 30 minutes. The mixture was continuously 
extracted with methylene chloride. The methylene chloride 


fraction was dried and concentrated to give a diol, mp 130- 
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Attempted formation of 2-methoxyfuran--dimethyl fumarate 
adduct 

2-Methoxyfuran (2.5 g), diethyl fumarate (4.2 g) 
and anhydrous benzene were stirred at room temperature 
for 72 hours. The solution was.concentrated to an oil. 
The nmr spectrum of the oil showed only the presence of 


2-methoxyfuran and diethylfumarate. 
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